




SOIL FERTILITY AND 
PERMANENT AGRICULTURE 


BY 


CYRIL G. HOPKINS, Ph.D. 

PROFESSOR OF AGRONOMY IN THE UNIVERSITY OF ILLINOIS, CHIEF IN 
AGRONOMY AND CHEMISTRY AND VICE DIRECTOR OF THE 
ILLINOIS AGRICULTURAL EXPERIMENT STATION 


GINN J^ND COMPANY 

BOSTON ■ NEW yORK • CHICAGO ■ LONDON 



Entered at Stationers’ Hall 
Copyright, 1910 
Bt CYRIL G. HOPKINS 

ALL RIGHTS RESERVED 
91O.S 


jljt gtttBKEiii >re« 

tilNM AND COMPANY -PRO- 
WUETOIB • BOSTON ■ U*S.A. 



DEDICATED 

TO 

THE ASSOCIATION OF 
AMERICAN AGRICULTURAL COLLEGES 
AND EXPERIMENT STATIONS 
THE RIGHTFUL GUARDIANS 
OF AMERICAN SOILS 


TO USE THE LAND WITHOUT ABUSING IT 


-J.OTIS HUMPHREY 




PREFACE 


Liebig said, “Agriculture is, of all industrial pursuits, the rich- 
est in facts and the poorest in their comprehension.” To a large 
degree this statement is still true, and the chief purpose of this 
volume is to bring together in convenient form the world’s most 
essential facts gathered from the field and laboratory, and to 
develop from them some foundation principles of permanent 
agriculture ; for, as Liebig also truly, said, “ Facts are like grains 
of sand which are moved by the wind, but principles are these 
same grains cemented into rocks’’ 

While one dare not believe that error has been completely 
avoided, the facts presented have been checked with all reasonable 
care, and th*ey may be accepted with the confidence that they are 
accurately reproduced from the original data. 

Unsolved problems still remain, and some conclusions which 
seem to be indicated by the data thus far reported may be modi- 
fied later \<1ien more complete information is afforded. The 
author will always receive with deep appreciation suggested ad- 
ditions, modifications, or corrections. 

It is, perhaps, unnecessary to say to the reader that his general 
knowledge of farm practice is presupposed, and no attempt has 
been made to include herein a thousand details with which every 
man experienced in the art of agriculture already is familiar. 

For the sake of himself and children it must be said to the 
practical farmer that he should encourage the teaching of the 
science of agriculture in the school, even though. he-%iay 
much more than the teacher concerning the art agriculture. 



PREFACE 


viii 

To encourage the teacher,- let me say that much of the science 
of agriculture can be successfully taught without a field or a gar- 
den, and even without complete knowledge of the art. Thus, you 
may teach why clover should be grown and when it contains the 
most nitrogen, but leave the farmer to determine for himself when 
to plow it under, if he is the better judge of seasonal conditions 
and of their probable influences upon his own soil and crop. 

CYRIL G. HOPKINS 

University of Illinois 
Urbana 
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INTRODUCTION 

It is the first business of every farmer to reduce the fertility of 
the soil, by removing the largest crops of which the soil is capable; 
but ultimate failure results for the landowner unless provision 
is made for restoring and maintaining productiveness. Every 
landowner should adopt for his land a system of farming that is 
permanent, — a system under which tho land becomes better 
rather than poorer. 

If the independent fanner is to adopt and maintain permanent 
systems of profitable agriculture, he cannot accept “ parrot ” 
instruction; he must know the why and wherefore, the reason for 
doing things, and the ultimate effect of his agricultural practice 
upon the productive power of the land. Every farm is an inde- 
pendent enterprise in which the farmer himself is the superin- 
tendent and general manager, and he must be able to direct the 
business, even though he may be the only man to execute his 
own plans. The agriculture of a state cannot be managed from a 
central office. The landowner must think for the land. 

The author is familiar with the often expressed idea that what 
the fanner wants is a simple statement of facts, but he is even 
more familiar with the absolute truth that what the farmer de- 
mands is the most positive proof of the correctness of such state- 
ment before he is willing to make any change from a practice 
based upon long experience. 

In the preparation of this book free use has been made of such 
technical term^ as are necessary to the discussion of fundamental 
principles with scientific correctness. No apology is offered for 
this. Farmers and agricultural students have at least as good 
intellects as other classes of people; and if when they leave the 
farm they can le^m to understand and manage successfully such 
lines of business as banking, contracting, building, operating 
railroads, factories, and other commercial establishments, 

xvii 
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which they are doing ever3rwhere, — they can also understand their 
own business, if they wilJ, when they remain on the farm or in 
control of land. 

Technical books are to be studied; they are not written for en- 
tertainment. They furnish definite facts, accurate data, and 
necessary information, relating to underlying principles upon which 
permanent successful practice must be based. 

The most important material problem of the United States is to 
maintain the fertility of the s»il, and no extensive agricultural 
country has ever solved this problem. The frequent periods of 
famine and starvation in the great agricultural countries of China, 
India, and Russia, and the depleted lands and abandoned farms 
of our own eastern United States are facts that serve as a constant 
proof that the common practice of agriculture reduces the produc- 
tive power of land. 

The rule is almost universal that old land is less productive than 
new land. This simple and well-recognized fact points inevitably 
toward future poverty, not only for the individual or the family, 
but likewise for the commonwealth and for the nation. We may 
ignore this if we choose in America for a few more years, but with 
the decreasing productive power of our lands and with a rapidly 
increasing population .the truth must strike us in the face in the 
near future. 

We cannot afford to let ignorance, prejudice, or bigotry blind Us 
m this matter, neither in ourselves nor in others. Even the confi- 
dent assurance, by those who live in continued plenty, that the 
people of earth are not destined to suffer hunger, does not remove 
the positive fact that thousands, and sometimes millions, of people 
actually die of starvation within a single year in some of the old 
agricultural countries. 

An early recognition of these world-wide conditions and tend- 
pa'-amoijnt importance to the people controUing the 
sake LtafeT only for their own 

Lltft '“f upon those 

in agricu tonTr . ™ ^ngagrf directly 

which cannot industrial or professional lines, 

*If art of agriculture has ruined land, the science of agricul- 
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ture must restore it; and the restoration must begin while some 
farmers are still prosperous, for poverty-stricken people are at 
once helpless and soon ignorant. Outside help will always be 
required to redeem impoverished soils, for poverty makes no in- 
vestments, and some initial investment is always required for soil 
improvement. 

It is the purpose of this book to teach the science of soil fertility 
and permanent agriculture, chiefly by reporting facts rather than 
by offering theories; and any one of common sense who reads the 
English language, and who can understand the common school 
arithmetic, can understand this book if he will study it. (The 
fact may well be recognized that some who have ample time for 
study, though physically industrious, are mentally lazy.‘) 

The author suggests, however, that the busy farmer, who 
wishes to familiarize himself as quickly as possible with the most 
essential practical facts pertaining to the economical and perma- 
nent improvement of common or normal soils, and who is willing 
to pass over temporarily the discussion of foundation principles, 
may well begin the study of this book with “ Systems of Perma- 
nent Agriculture,” Part II, after first making the following facts 
a part of his ever ready knowledge: 

(1) Phosphorus and decaying organic matter are the two sub- 
stances which constitute the key to profitable systems of permanent 
agriculture on most of the normal soils of America ; although, 
when soils become sour, or acid, ground natural limestone should 
also be regularly applied, at the rate of about two tons per acre 
every four to six years. 

(2) There are six essential positive factors in crop production: 
the seed, a home for the plant, the food of which the plant is made, 
(and this factor is just as important for plants as it is for animals), 
moisture, heat, and light. Of these six factors, the least appre- 
ciated and the most neglected is that of plant food, and yet this 
is a factor which the farmer can very largely control, whereas the 
others (except the seed) are largely beyond his control. (An 
important negative factor is protection from weeds, insects, and 
disease.) ; 

* “Many poor farmers have a lazy faith in the Lord; they think or hope that 
He will somehow make up for whatever they fail to do.” — Hoabd. 
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(3) Of the ten different chemical elements absolutely required 
for the growth of every agricultural plant, three come directly from 
air and water in practically unlimited amounts, and these three 
(carbon and oxygen from air and hydrogen from water) constitute 
about 95 per cent of the common mature crops. Nevertheless, each 
one of the seven elements obtained from the soil, though aggre- 
gating only 5 per cent, is absolutely necessary to the life and full 
development of the plant. Indeed, if any one of these elements 
be entirely lacking, the soil would be infertile and barren. So 
important are these plant-food elements, that soils are found so 
deficient in some essential plant food that the addition of a single 
element will more than double the crop yield. 

(4) The five elements, potassium, magnesium, calcium, iron, and 
sulfur, are contained in most normal soils in such large amounts, 
compared to the requirements of crops, that the supply rarely 
becomes depleted. Thus, in m6st cases, the problem is narrowed 
to the two elements, nitrogen and phosphorus, although, for 
various reasons, potassium also has come to have a recognized 
money value in commercial fertilizers. 

(5) Nitrogen is contained in the air in inexhaustible amount, 
but the legumes (clover, alfalfa, peas, beans, etc.) are the only 
agricultural plants which have power to utilize the free nitrogen of 
the air. Nitrogen in limited amount is contained in the soil in the 
organic matter, the principal material which gives a good soil its 
dark color. If the supply of organic matter is maintained, by 
plowing under farm manure, clover, cowpeas, or other green 
manures, then the supply of nitrogen will also be maintained. 

(6) The plowed soil of an acre (2 million pounds, for a depth of 
6| inches) of rich, well-balanced normal land in the Corn Belt 
contains about 8000 pounds of nitrogen, 2000 pounds of phosphorus, 
35,000 pounds of potassium, and 15 tons of calcium carbonate 
(limestone). 

(7) The surface soils of the United States vary in composition: 

(а) in nitrogen content, from 1000 pounds to 35,000 pounds; 

(б) in phosphorus content, from 160 pounds to 15,000 pounds; 
(c) in potassium content from 3000 poimds to 60,000 pounds, 
pCT acre; and many soils not only contain no lime, but are markedly 
acid and thus require heavy applications of lime, while some pro- 
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ductive soils contain as much as 20 per cent of calcium carbonate, 
corresponding to 200 tons of limestone per acre. 

(8) A loo-bushel crop of com takes from the soil about 100 
pounds of nitrogen, 17 pounds of phosphorus, and 19 pounds of 
potassium, in the grain, and about 48, 6, and 52 pounds of these 
respective elements in the stalks or stover. 

(9) One ton of average fresh farm manure contains about 10 
pounds of nitrogen, 2 pounds of phosphorus, and 8 pounds of 
potassium; and 100 pounds of the most common “ complete ” 
commercial fertilizer contains about 2 pounds of nitrogen, 4 pounds 
'of phosphorus, and 2 pounds of potassium. 

(10) One ton of clover hay contains about 40 pounds of nitro- 
gen, 5 pounds of phosphorus, and 30 pounds of potassium. When 
grown on soj^^ fair productive capacity, the roots and stubble 
of the clover plant contain no njore nitrogen than the soil has 
furnished to the plant; but for each ton of clover plowed under, 
the soil is enriched by about 40 pounds of nitrogen. 

(ri) Roughly estimated, the plant food liberated from an aver- 
age soil during an average season with average farming is equiva- 
lent to about 2 ^r cent of the nitrogen, i per cent of the phos- 
phorus, and i of I per cent of the potassium, contained in the 
surface stratum (about 6| acre inches, or 2 million pounds of 
average soil). 

(12) As an average in live-stock farming, the animals retain about 
one fourth of the nitrogen and phosphorus and destroy two thirds 
of the organic matter of the food consumed, and large loss is likely 
to occur in the manure produced, especially in nitrogen and or- 
ganic matter, a loss of one half of these constituents being easily 
possible during three or four months, in part from fermentation, 
which may occur even under cover, and in part from leaching 
where the manure is exp^d to the weather or where too little 
absorbent bedding is use^ 

(13) It is less difficult to’maintain or incre^e the organic matter 
of the soil by means ^legume crops and crop residues in a good 
fetation for grain fammg than in any system of live-stock fanning 
which does not include the purchase of feed. 

(14) Some satisfactory rotation jdans for grain farmers are 
wheat, c(Hm, oats, and clover j or w||it, com, and cowpeas ; or 
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cotton, com, and oats and cowpeas. The first of thdse is a four- 
year rotation which should include a catch crop of clover seeded 
the first year and plowed under for com as late as practicable in 
the spring of the second year. The other two are three-year 
rotations, and they should also include legume catch crops wherever 
practicable. In each rotation for grain fanning, all products are 
to be returned to the soil excepting the grain, or seed, and the cotton 
lint. Either the whole cotton seed or the hulls and meal should 
also be returned for fertilizer. 

(15) In live-stock farming the feeding should be done on the 
fields so far as practicable, and manure produced in the bam should* 
be hauled and spread in the fresh condition so far as possible. 
Sufficient bedding should be used to absorb all of the liquid excre- 
ment, which is as valuable, ton for ton, as the solid excrement. 

(16) To insure the maintenjmce of the phosphorus content of 
the soil where large crops are produced, about 20 pounds of phos- 
phorus per acre for each year in the rotation should be applied in 
grain farming and about 10 pounds per acre in live-stock farming 
(aside from that returned in the manure). To enrich the soil in 
phosphorus, heavier applications should be made for a time. 

(17) The average investment required for 25 pounds of phos- 
phorus is about 75 cents in 200 pounds of fine-ground natural 
rock phosphate of good grade, about $2.50 in 200 pounds of good 
steamed bone meal, about $3.00 in 400 pounds of good acid phos- 
phate, about $6.00 in 600 pounds of the average “ complete ” 
commercial fertilizer, and about $80 in manure made from com 
costing 40 cents a bushel. The natural phosphate, if ground to 
pass through a sieve with 10,000 meshes to the square inch, gives 
satisfactory results when applied in liberal amounts (as 1000 pounds 
per acre tf^^ery three or four years), if used in connection with 
decaying organic matter in sufficient amount to maintain the 
nitrogen. 

(18) Potassium salts are used with very great profit on soils 
positively deficient in that element, as on most well-drained ex- 
tensive peaty swamp lands; and soluble salts, such as kainit, 
may produce some profit for a time if used in connection with 
phospl^rus on soils deficient in decaying organic matter, even 
wherli^e total supply of potassium in the soil is very large. 
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(19) Commercial nitrogen can usually be used with profit in 
market gardening, in cotton growing, and sometimes in the pro- 
duction of timothy hay near large cities; or, as a rule, wherever 
the gross returns from an acre of produce exceeds $50 or $75. 

(20) As a rule, commercial nitrogen cannot be used with profit 
for the production of the staple grain crops, such as corn and wheat, 
although under some conditions small applications of nitrogen 
alone or with other elements, as in the ordinary so-called “ com- 
plete ” fertilizer, may stimulate the plants sufficiently to enable 
them to draw more heavily upon the soil, and thus return apparent 
temporary profit in a system of ultimate land ruin. 

And other seed fell on good ground, and sprang up, and bare fruit an hundred 
fold. — Jesus. 

I applied mine heart to know, and to search, and to seek out wisdom, and the 
rej^son of things. — Solomon. 

*Every man shall receive his own reward according to his own labor ; for we are 
laborers together with God. — Paul. 




SOIL FERTILITY AND 
PERMANENT AGRICULTURE 

PART I 

SCIENCE AND SOIL 

CHAPTER I 

FOUNDATION FACTS AND PRINCIPLES 

Science. Science means knowledge, nothing more and nothing 
less. It does not mean theory unsupported by fact. To plow 
the land and plant the seed and cultivate the crop is art, or prac- 
tice. To know what the soil and air contain and what the crop 
requires is science. If lo cents are taken from 70 cents, only 60 
cents remain. This is science, knowledge, fact, and not mere 
opinion. In the study of soil fertility we must make large use of 
two well-established exact sciences, mathematics and chemistry. 
Several other sciences furnish much exact data, but in some 
branches the data thus far secured are not sufi&cient to fully reveal 
the controlling facts and principles. 

Chemistry. Chemistry is the science which deals with the com- 
position of matter. All material things are composed of about 
eighty primary substances, called elements, which may exist sepa- 
rately or in various combinations, called compounds. About forty 
of the elements are more or less common, the others being rare 
elements. Air and soil and plants and animals contain 1 ^ than 
twenty elements that are of interest to agriculture; while only 
tai different elements are known to be essential for the making, of 
agricultural plants. (One other element, chlorin, may be essen- 
tial, but, if so, only in minute quantity.) 
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Chemical elements. An element Is a substance which cannot be 
divided into two or more different substances. Sulfur (S) is a 
solid, nonmetallic element, easily melted to the liquid form. 
A piece of sulfur may be divided into two parts, but each part is 
sulfur, and if nothing else is added to sulfur, nothing but sulfur 
can be obtained from it. Carbon (C) is the principal element con- 
tained in coal. Iron is a well-known metallic element. Oxygen(O) 
is an element contained in the air in the gas form. 

Chemical compounds. A compound is a substance which con- 
tains two or more different elements and which possesses some 
properties or characteristics not possessed by either element 
alone. Thus, if carbon and sulfur be mixed together at the ordi- 
nary temperature, the product is only a mixture in which each 
element retains its own properties; but, at a higher temperature 
and under proper condition?, one combining weight of black 
carbon will unite with two combining weights of yellow sulfur 
and form the compound called carbon disulfid (CSg), which is 
neither black nor yellow nor solid, but a colorless liquid somewhat 
resembling water, but which, when pure, contains absolutely noth- 
ing but the two elements, carbon and sulfur. 

Carbon, in charcoal for example, may be eaten in considerable 
quantity without harm, and sulfur is not dangerous in large doses; 
but the compound, carbon disulfid, is a deadly poison, and is fre- 
quently used as an insecticide and for the extermination of gophers 
and other burrowing animals. Thus the properties of the com- 
pound may differ in many respects from those of either element 
contained in it. 

On the other hand, when carbon is burned, by uniting with the 
oxygen of the air, the compound, carbon dioxid (COjj), is formed, 
and when sulfur is likewise burned, the compound, sulfur dioxid 
(SO2), is formed; while if carbon disulfid is burned, by uniting 
with the oxygen of the air, the products of combustion are exactly 
the same as though the carbon and sulfur were burned separately 
with oxygen, carbon dioxid and sulfur dioxid being formed. 

Sodium (Na, natrium in Latin) is a soft metallic element which 
takes fire when thrown into water, and the element chlorin (Cl) 
is a greenish colored poisonous gas, but when united these two 
elements form the compound caUed sodium chlorid (NaCl), salt. 
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Chemical action. Chemical reaction is the union of two or more 
elements into a compound, or the separation of a compound into 
its elements, or the formation of new compounds from other com- 
pounds. In the most common chemical reactions heat is evolved. 

Place some coal in the stove, raise the temperature to the kin- 
dling point, and 32 pounds of the element oxygen entering the vent 
of the stove in gas form will unite with 1 2 pounds of the element car- 
bon in the coal and 44 pounds of the compound carbon dioxid (COg) 
will form and pass off as a gas through the chimney. After this 
chemical reaction is completed, the stove is found to contain only 
a few ounces of ashes, which represent the impurities in the coal. 

From this compound, carbon dioxid (CO2), which is always pres- 
ent in the air in small amount, all agricultural plants obtain their 
supply of carbon and oxygen, which together constitute about 
90 per cent of the total dry matter* contained in plants. 

Combining weights. Combining weights of elements are the 
relative proportions in which those elements combine to form 
compounds. The combining weight of the element hydrogen is 
smaller than that of any other element, and for this reason all other 
combining weights are referred to that of hydrogen as the stand- 
ard, or unit, of weight. The combining weight of hydrogen is i. 
One part of hydrogen will unite with 35.5 parts of chlorin to form 
the compound hydrogen chlorid (HCl), which is also properly 
called hydrochloric acid, and sometimes incorrectly called “ mu- 
riatic ” acid. Thus, the combining weight of chlorin is 35.5. 

We may take i pound of hydrogen and let it unite with 35.5 
pounds of chlorin to form 36.5 pounds of the compound HCl; 
or we may use i ounce of hydrogen and 35.5 ounces of chlorin, 
or I gram of hydrogen and 35.5 grams of chlorin, or i milligram of 
hydrogen and 35.5 milligrams of chlorin. All that is necessary is, 
that we maintain these proportions. This is one of the absolute 
mathematical laws of chemistry and is fundamental to the prin- 
ciples of soil fertility and plant growth. If we try to combine 3 
parts of hydrogen with 35.5 parts of chlorin, 36.5 parts of the com- 
pound HCl would be formed and 2 parts of hydrogen would be 
left in its original form. 

Atoms. An atom is the smallest particle of an element. It is 
not known how small the atom is, but it is known that the weight of' 
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an atom of carbon is 12 times, of oxygen is 16 times, of sulfur is 32 
times, and of chlorin is 35.5 times, as great as the weight of an atom 
of hydrogen. Thus the atomic weights of all other elements are 
referred to the weight of the hydrogen atom as the chemical unit. 

Molecules. A molecule is the smallest enduring particle of an 
element or compound. The atom, if set free, instantly unites with 
another atom (either of the same element or of a different element) 

’ to form a molecule, and the molecule may endure permanently. 
One atom of hydrogen and one atom of chlorin unite to form one 
molecule of hydrochloric acid, HCl. The molecular weight of this 
compound is 36.5, which is the sum of the atomic weights, the weight 
of the hydrogen atom always being i. It is true that this is an 
arbitrary standard, but so is every common standard of weight 
or measure, such as the ounce or the inch or the dollar. The inch 
is an arbitrary standard of length to which we may refer other 
lengths or distances, and likewise the weight of the hydrogen atom 
is an arbitrary standard to which we may with equal accuracy 
refer the weights of the atoms of all other elements, and also the 
weights of all molecules of either compounds or elements. 

Atomic bonds. Atomic bonds are the links of union between 
atoms. This bond between atoms may be likened to the hand clasp 
between persons, except that under normal conditions the hand of 
one atom always grasps the hand of another atom. If the bond is 
broken, the freed hands immediately grasp other hands, breaking 
the bonds between other atoms if necessary to secure union. At 
the instant a bond is broken, when free hands exist, the atoms are 
called nascent, and in that condition they have unusual power to 
attack the molecules of other elements or compounds. Free 
hydrogen means hydrogen not combined with some other element. 
Thus we have nascent hydrogen (H), ordinary free hydrogen 
(Hj), and combined hydrogen, as in water (HjO). Of course, 
nascent hydrogen is also free hydrogen, but in an extraordinary 
form; namely, -sas a free atom, which as such can exist but an 
instant until it unites with another atom of hydrogen (or of some 
other element) to form a molecule. 

Valence. Valence refers to the number of bonds, or hands, pos- 
sessed by an atom. The hydrogen atom has but one hand (H — ), 
while the oxygen atom has two hands ( — 0 — ^), and the carbon 



fOtjNl)ATlON FACTS mi) PklNClPLES ^ 

atom has four hands (=C=). In hydrogen molecules the atogis 
are always in pairs (H — H or Hj). Thus the weight of the hydro- 
gen molecule is two, because it contains two of the unit atoms. The 
atom of oxygen weighs sixteen times as much as the hydrogen 
atom, consequently i6 is the atomic weight, or the combining 
weight, of the element oxygen. The molecule of ordinary oxygen 
contains two atoms (0=0 or 02),but there is a form of oxygen, 

called ozone, which contains three atoms in the molecule (0 0 

or Og). The molecular weight of ordinary oxygen is 32, while the 
molecule of ozone weighs 48 times as much as one hydrogen 
atom. One oxygen atom has power to hold two hydrogen atoms 
(H~ 0 — H or HgO). This is a compound which might be 
called dihydrogen oxid, but which is commonly called water. The 
molecular weight of water is 18, the sum of the atomic weights. 
Separately, hydrogen and oxygen are both gases under ordinary 
conditions, but the compound H2O possesses different properties, 
being a liquid at ordinary temperatures, although water becomes 
a gas at high temperature and a solid at low temperature. 

While it is common knowledge that this compound exists in 
three forms, solid, liquid, and vapor, and that it is easily changed 
from solid ice to liquid water and from liquid to vapor (steam), 
it is not so generally known that most elements and most com- 
pounds may exist in each of these three forms under proper condi- 
tions of temperature and pressure. 

One atom of carbon may combine with four atoms of hydrogen, 
/H\ /H V 

forming the gas compound ( )C{ or CH^ called methane or 

W \H 

marsh gas, a constituent of illuminating gas, and sometimes formed 
in stagnant marshes. This hydrocarbon has a molecular weight 
of 16 and is the lowest in a very large series of compounds contain- 
ing only hydrogen and carbon. One atom of carbon with its four 
bonds may unite with two atoms of oxygen, forming carbon dioxid 
(0= C= 0 or CO2), a chemical reaction which occurs in the com- 
bustion of coal or other substances containing carbon, as already 
explained. 

Monovalent atoms have one bond, or one hand {mono means 
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one, as in monotone) ; bivalent atoms have two bonds (bi or di 
means two); trivalent atoms have three bonds; tetravalent, four 
bonds; pentavalent, five bonds; hexavalent, six bonds; hepta- 
valent atoms have seven bonds; and octovalent atoms have eight 
bonds, with power to hold four of the bivalent atoms of oxygen. 

There are a few cases in which the atom does not make common 
use of all the bonds it possesses. Thus the nitrogen atom has five 
bonds, or hands, but in some compounds only three bonds are used 
to hold other atoms. It might be conceived in this case that the 
other two hands are clasped together, and this conception might 
even be extended to cover a molecule composed of a single biva- 
lent atom (such as mercury and, possibly, argon). One atom of 
nitrogen and three atoms of hydrogen form the compound called 
ammonia (NHg). This compound is frequently sold in fertilizers, 
but the hydrogen has no money value because water (HgO) con- 
tains hydrogen. The molecular weight of ammonia is 17, of which 
the nitrogen atom is 14 and the hydrogen atoms are 3. If a fer- 
tilizer is guaranteed to contain 17 per cent of ammonia, it should 
contain 14 per cent of the element nitrogen; while 8| per cent of 
ammonia is equivalent to only 7 per cent of nitrogen. Ammonia 
itself contains or 82 per cent, of the element nitrogen. 

In the compound called ammonium chlorid (NH^Cl), the atom 
of nitrogen is pentavalent; that is, it has and uses five bonds: 

\ /H 

^N^Cl. The molecular weight of this compound is 53^ 


(14 -}- 4 + 35'5)j 3,nd it contains or 26 per cent, of nitrogen. 

53-5 

Phosphorus is another element which sometimes uses only three 
/H 

bonds, as in hydrogen phosphid, P^H, and in phosphorus trichlorid, 

/I 

3nd sometimes five bonds, as in phosphorus pentachlorid, 
Cls^ ^C1 

Thus, the hydrogen phosphid contains or 91 per 
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cent, of phosphorus (the atomic weight of phosphorus being 31), 
while the phosphorus pentachlorid contains less than 15 per cent 
of phosphorus. 

Nitrogen and phosphorus are in some respects very much alike, 
and in other respects they are very unlike. They are the two most 
precious eluents of plant food, and they deserve from the author 
and from the reader all of the consideration they are to receive in 
this book. 

The gas law. This law is that equal volumes of gases under like 
conditions of temperature and pressure contain the same number 
of molecules. In other words, in the gas form, every molecule 
occupies, or controls, the same amount of space. Thus, the hydro- 
gen molecule, with a weight of 2, occupies as much space as the 
oxygen molecule, which weighs 32, or the molecule of carbon dioxid, 
weighing 44, or of sulfur dioxid with a molecular weight of 64. 
(The atomic weight of sulfur is 32.)^ 

If a 6-gallon bottle holds 2 grams of hydrogen (Hj), it will 
hold 32 grams of oxygen (O2), 28 grams of nitrogen (N2), 16 grams 
of methane (CHJ, 17 grams of ammonia gas (NHg), 44 grams of 
carbon dioxid (COg), 64 grams of sulfur dioxid (S02),and a gram- 
molecule (the molecular weight in grams) of any other gas. This 
law does not apply to liquids or solids, but only to gases. 

Chemical symbols. A symbol is used to represent one atom of 
an element. H stands not only for the element hydrogen, but also 
for one atom of hydrogen with a combining weight of i. Likewise 
S stands for sulfur and for one atom of sulfur, and represents a 
weight of 32. 

Chemical formulas. A formula is used to represent a molecule 
and shows the kind and the number of atoms contained in the 
molecule. The formula H3O represents one molecule of water, 
containing two atoms of hydrogen, each having a combining 
weight of I, and one atom of oxygen, with a weight of 16. Thus, 
the molecular weight of water is 18. The formula Ca8(P04)2 
(read: Ca three, PO four, twice) represents one molecule of 
tricalcium phosphate, the valuable phosphorus compound contained 
in bones and in natural phosphate rock. The metallic element 
calcium (Ca) is also contained in limestone, which is calcium car- 
Iwnate (CaCOg), and in quicklime, or burned lime, which is calcium 
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oxid (CaO). The atomic weight of calcium is 40. The subscript 
figures used in a chemical formula always refer to the preceding 
element, or to the inclosed group of elements if parentheses 
are used. In the calcium 'phosphate, Ca8(P04)2, the.subscript 3 
shows that three atoms of calcium are contained in the molecule. 
The parentheses are used to inclose a group of atoms* (one atom 
of phosphorus and four atoms of oxygen) which occurs in many 
other compounds, as in HgP04 (phosphoric acid), FeP04 (iron 
phosphate), etc. (Fe is from ferrum, the Latin^nvord for iron, and 
I is the symbol used for the element iodin.) The subscript 2 follow- 
ing the parenthesis in Ca3(P04)2 means that the molecule contains 
the PO4 group twice, and for this reason Ca3(P04)2 is a better for- 
mula than CagPgOg, which may also be correctly used. A mole- 
cule of tricalcium phosphate contains three atoms of calcium 
(3 X 40 = 120), two atoms of phosphorus (2 x 31 = 62), and eight 
atoms of oxygen (2 x 4 x 16 128), and the molecular weight is 

310 (120 -f- 62 -I- 128), of which the phosphorus represents only 62, 
Thus, tricalcium phosphate contains or 20 per cent, of the 
element phosphorus. In other words, one fifth of pure tricalcium 
phosphate is phosphorus, while the remaining four fifths consist 
of calcium and oxygen in nearly equal parts. 

The law of constant proportions. This law is that in every chemi- 
cal combination the constituents occur in definite and constant 
proportions by weight. The percentage of phosphorus in pure 
tricalcium phosphate is absolutely constant. It matters not 
whether the compound is made in the United States, in Germany, 
or in Japan, nor whether it is obtained from bones or from phos- 
phate rock, the percentage of phosphorus it contains is always 
the same, if the compound is pure. This percentage is exactly 20, 
according to the most accurate accepted determinations. The 
atomic weights are determined by several different methods, but, 
even with the finest and most accurate balances and other instru- 
ments and means, absolute exaptness may not be achieved, be- 
cause of the human error. No man can measure a mile with 
absolute exactness, because two different measurements made by 
one man may vary by an inch, a tenth of an inch, or, at least, by 
a hundredth or a thousandth of an inch. 

Aaording to the chemical law, the proportion of the different 
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elements in any pure compound is absolutely definite and constant, 
in strict accordance with the chemical law, and the proportion 
can be determined with ten times the degree of accuracy required 
for all practical purposes; nevertheless, the determination may not’ 
be absolutely exact. * 

While all atomic weights are essentially referred to hydrogen as 
unity, the mathematical basis is exactly i6 for the atomic weight 
of oxygen, because the element oxygeiv constitutes in quantity 
one half of the earm’s crust (including the air, the ocean, and the 
solid crust to a depth of ten miles), and forms compounds with 
nearly all other elements, thus affording closer comparisons than 
hydrogen. 

The known chemical elements. In the accompanying table is 
the complete list of 8o known elements. For convenience the more 
common elements, that every one sl^uld know, are given in one 
group, and the rare elements, that few people have -ever seen, 
are grouped by themselves. 

The symbols used for. the chemical elements are essentially the 
same in all languages. In a few cases where the modern name varies 
in different languages, the nations have agreed upon a symbol 
derived from the Latin name of the element; as, for example, Fe 
for iron {ferrum in Latin), K for potassium (kalium), and Na for 
sodium {mirium). 

Some of the atomic weights of the rare elements have not yet 
been determined with a sufficient degree of accuracy to justify 
assigning a more specific value than the nearest whole number. 
Further investigation must determine whether such whole numbers 
are correct. It is a noteworthy fact that the chemists of the world 
are agreed that, of the forty or more common elements, sixteen 
have atomic weights that differ from whole numbers by less than 
.05, and twelve others differ only by about .1, thus showing 
twenty-eight of the best-established atomic weights apparently 
grouped with relation to the unit, with only twelve scattering ; 
and smne of these (as nickel) are doubtful, while others are high 
atomic weights with consequent possibilities of error, the accepted 
atomic weights of gold and platinum both havii^ been changed by 
•5 within recent years. These data and the recognized periodic 
law, ihat the properties of the elements are periodic functions of their 
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Table I. Elements, . Symbols, and International Atomic WitOHTS 
POR 1909. (Dedmals, including ciphers, indicate suppcsed accuracy.) 


The More Common Elements 

1 The Rarer Elements 


Name 

Symbol 

Atomic 

Weight 

Name 

Symbol 

Alomic 

Weight 

Aluminum .... 

A 1 

27.1 

Caesium .... 

Cs 

132.8 

Antimony (Stibium) . 

Sb 

120.2 

Cerium 

Ce 

140.3 

Argon 

A 

39-9 

Columbium . . 

Cb 

93-S 

Arsenic 

As 

75*0 

Dysprosium . . 

Dy. 

162.5 

Barium 

Ba 

1374 

Erbium 

Er 

167.4 

Bismuth 

Bi 

208.0 

Europium .... 

Eu 

152 

Boron 

B 

II.O 

Gadolinium . . . 

Gd 

157-3 

Bromin 

Br 

79-9 

Gallium . . . . 

Ga 

69.9 

Cadmium .... 

Cd 

112.4 

Germanium . . . 

Ge 

72-5 

Calcium 

Ca 

40.1 

Glucinum .... 

G 1 

9.1 

Carbon 

C 

12.0 

Helium . . . . . 

He 

4.0 

Chlorin 

Cl 

35-5 

Indium ..... 

In 

114.8 

Chromium .... 

Cr 

52. f 

Iridium .... 

Ir 

193-1 

Cobalt 

Co 

59-0 

Krypton .... 

Kr 

81.8 

Copper (Cuprum) . 

Cu 

63.6 

Lanthanum . . . 

La 

139.0 

Fluorin 

F 

19.0 

Neodymium . . . 

Nd 

144-3 

Gold (Auriim) . . . 

Au 

197.2 

Neon 

Ne 

20 

Hydrogen .... 

H 

1.008 

Osmium .... 

Os 

190.9 

Todin 

I 

126.9 

Palladium . . . . 

Pd 

106.7 

Iron (Ferrum) . . . 

Fe 

55-9 

Praseodymium . . 

Pr 

140.6 

Lead (Plumbum) . . 

Pb 

207.1 

Radium .... 

Ra 

226.4 

Lithium .... 

Li 

7.0 

Rhodium .... 

Rh 

102.9 

Magnesium . . . 

Mg 

24-3 

Rubidium .... 

Rb 

85-5 

Manganese . . . 
Mercury (Hydrar- 

Mn 

54-9 

Ruthenium . . . 

Ru 

IOI.7 

gyrum) .... 

Hg 

200.0 

Sam^ium .... 

Sa 

150.4 

Molybdenum . . . 

Mo 

96.0 

Scandium .... 

Sc 

44.1 

Nickel 

Ni 

58.7 

Selenium .... 

Se 

79.2 

Nitrogen .... 

N 

14.0 ' 

Tantalum .... 

Ta 

181 

Oxygen 

0 

16.000 

Tellurium .... 

Te 

127-51 
159-2 ' 

Phosphorus . . . 

P 

31.0 

Terbium .... 

Tb 

Platinum .... 

Pt 

1950 

Thallium . . . . 

Tl 

204:0 

Potassium (Kalium) . 

K 

391 

Thorium .... 

Th 

^2.4 

Silic^ ... . . 

Si 

. 28.3 

Thulium . . , . 

Tm 

. 168.S 

Silver (Aigentum) . 

Ag 

107.9 

Tungsten (Wolfrana) 

W 

184.0 

Sodium (Natrium) . 

Na 

23.0 

Uranium .... 

u ■ 

238.5 

Strontium . . : . . 

Sr 

87,6 

Vanadium .... 

V ' 

51.2 

Sulfur ..... 

S 

32-1 

Xenon . . . . ^ 

Xe 1 

128 r 

Tin (Stannum) . . 

Sn , 

1 19.0 

Ytterbium . . \ . 

Yb 

I72.O' 

Titanium .... 

Ti 


Yttrium . . . . 

i Y 

89.0 

Zinc 

Zn 

65-7 

Zirconium . . . 


" 90.6 
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atomic weights)^, together with the recently discovered radium and 
radio activity, and the evidences * of accomplished transformation 
of one element into another, strongly indicate a common origin 
for different elements, and lend to the subject a present-day in- 
terest as intense as ever mQved the alchemist to try to turn 4:he 
baser metals into gold. 

* It is worth while to note some relations that exist between the monovalent 
elements fluorm, chlo®, bromin, iodin; between the bivalent elements oxygen, 
sulfur, selenium, molyMenum; between the tri valent (or penta valent) nitrogen, 
phosphorus, arsenic, antimony; and also between the tetravalent carbon, silicon, 
titanium, and germanium: 


Fluorin 

Chlorin 

Bromin 

Iodin 

F = i9 

Cl = 35-5 

Br = 8o 

I = 127 

HF 

HCl 

HBr 

HI 

Oxygen 

Sulfur 

Selenium 

Molybdenum 

0 = i6 

S = 32,1 • 

^ = 79.2 

Mo = 96 

H2O 

H2S 

HaSe 

— 



H2SO4 

H 2 Se 04 

H2M0O4 

Nitrogen 

Phosphorus 

Arsenic 

Antimony 

N = i 4 

P = 3 i 

As = 75 ' 

Sb =■ 120.2 

NH* 

PHs 

AsHg 

SbHs 

NjOs 

P2OS 

AS2O5 

SbaOs 

Carbon 

Silicon 

Titanium 

Germanium 

C = 12 

Si = 28.4 

Ti = 48 

Ge - 72.5 

CH4 

SiH 4 

— 

— 

CO2 

SiOa 

TiOi 

GeOa 


Aside from the similarity of valence and other properties and of compounds 
formed, there is interest in the relation of atomic weights, especially in the second 
and fourth groups, and, even in the fact that the atomic weight of antimony is so 
nearly the sum of the other three in the group. 

* In 1907 Ramsay and Cameron, of England, reported that they had reduced 
copper, in the presence of radium emanation, into other elements of the same series : 
potassium, sodium, lithium. (See Nature, July, 1907, and Journal of the Chemical 
Society, September, 1907.) The correctness of Ramsay and Cameron’s experiments 
has been called in question by Mtne. Curie and Mile. Gleditsch; CompUs rendus, 
345 {1908); Science, December 4, 1908. 



CHAPTER II 

THE MORE COMMON ELEMENTS AND COMPOUNDS 

Important elements. Fifteen elements are of special interest and 
importance in the study of soil fertility, because they are commonly 
found in plants and animals and because they so largely constitute 
the soil and air and ocean and the common things of earth. Of 
these fifteen elemeats, ten are known to be essential to plant 
growth; eight of them constitute 98 per cent of the solid crust of 
the earth; four of them constitute 99.6 per cent of the ocean, about 
96.4 per cent being water (HgO) and 3.2 per cent common salt 
(NaCl); and two of them (nitrogen and oxygen) constitute 98.5 
per cent by weight of the dry atmosphere, about 1.5 per cent of 
the air consisting of the recently discovered element, argon. 

The ten essential elements of plant food may be grouped as 
follows: 

C, H, 0 , obtained by plants from air and water. 

P, K, N, sometimes deficient in soils, and of money value as 
plant food. 

S, Ca, Fe, Mg, required in small amounts and not likely to be 
deficient in soils. 

The five other elements commonly preserit in plants are silicon, 
aluminum, sodium, chlorin, and manganese. 

The reader is earnestly advised to learn by groups^ the name 
and atomic weight and the valence of each of these important 
elements, and the following table is constructed for this purpose. 

Aside from the name, symbol, atomic weight, and valence. 
Table 2 furnishes some extremely valuable and useful information 
concerning the occurrence and relative abundance of the elements 
which essentially constitute the crust of the earth, the ocean, the 
air, and the agricultural plants and animals. These data are based 

•f consents to the students’ memory key : “ C. HOPK’NS’ CaFe,-Mg, ” 

if Mg stands for “Mighty good ” and the omission of I, for modesty. 

••12 
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upon the recent computations of Professor F. W. Clarke of the 
United States Geological Survey for the average composition of 
the ocean an4 of the earth’s crust ^ to a depth of ten miles, essen- 
tially upon Sir WiUiam Ramsay’s recent estimate for the average 
composition of air, and upon % author’s compilations and com- 
putations for the average composition of sheUed com (maize) 


Table 2. The More Important Elements 


Name 

Symbol 

Atomic 

Weight 

(0=i6) 

Valence, or 
Number of 
Bonds 

[ OCCUHHE.NCE 

In Earth’ 
Crust 
(Per Cent 

In the 
Ocean 
(Per Cent 

In the 
Air 

(Per Cent 

In the 
Corn Ker- 
nel 

(Per Cent) 

Oxygen . . 
Carbon . . 
Hydrogen 

0 

C 

H 

16 

12 

I 

2 

4 

I • 

47-07 

.20 

.22 

85-79 

' 10.67 

23,00 

.01 

46.000 

45.000 
6.400 

Nftrogen 
Phosphorus 
Potassium . 

N 

P 

K 

14 

31 

39 

3 or 5 

3 or 5 

I 

trace 

.11 

2.46 

.04 

75-50 

1.760 

.300 

•340 

Magnesium 
Calcium . . 
Iron . . 
Sulfur . , 

Mg 

Ca 

Fe 

S 

24.3 

40 

S6 

32 

2 

2 

2, 3 , 6, or 7 
2, 4, or 6 

2.40 

3- 44 

4- 43 
.11 

.14 

•05 

.09 


•125 

.022 

.008 

.004 

Silicon . . 
Aluminum . 
Sodium . . 
Chlorin . . 
Manganese 

Si 

A1 

Na 

Cl 

Mn 

28.3 

27 

23 

3S-S 

55 

4 

3 

h 3 , 5, or 7 

2, 3, 6, or 7 

28.06 

7.90 

2.43 

.07 

.07 

I.I4 

2.07 


.014 

.013 

.013 

Titanium 
Argon . . 

Ti 

A 

48 

40 

4 

(?) 

.40. 


1.48 


Totals 1 

99.36* 

99.99 

99.99* 

99-99 


phomTnrf Survey Bulletin 330 (1908). The data for phos- 

different samples, re- 

bv repre^ntative rwks, some of which were kindly furnished to the author 

y Clarke since Bulletin 330 was published, 
deficiency^ elements (most of them very rare) must account for this 

of ^ xenon are also found in the air. 

Varying amounts of moisture, 
Pe of nitrogen, sulfur, chlorin, and more or less dust, also exist in the air. 
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It .may well be stated here that plants secure their supply of 
both carbon and oxygen from the carbon dioxid of the air. The .01 
per cent of carbon (C = 12) shown in the table is equivalent to 
nearly .04 per cent of carbon dioxid (COg = 44). The hydrogen of 
plants is taken from the water absorbed by the roots. The com 
plant secures its supply of nitrogen from the “ trace ” contained 
in the earth’s crust, which, however, amounts to about .25 per cent, 
in the tilled stratum of a good soil. Under proper conditions 
legume plants secure more or less of their nitrogen from the air. 
The remaining six essential elements are secured only from the soil 
by all plants. 

Of the atmosphere, ocean, and solid crust (ten miles deep), 
the solid crust constitutes about 93 per cent of the whole ; while 
. the entire atmosphere amounts to only .03 per cent. These addi- 
tional facts make possible a mathematical comparison between the 
supply and crop requirements of carbon and oxygen (in CO2) 
and nitrogen in the air, and emphasize the importance of the 
carbon cycle and of the circulation of some other elements, all of 
which is more fully discussed and explained in the following pages. 

A ready working knowledge, sufficient for everyday use, lies at 
the basis of success in every industry and profession. It is worth 
while to have in mind a few fundamental facts relating to the seven- 
teen elements named in Table 2, which constitute more than 99 
per cent of earth, sea, and air, and of all plants and animals. 
Nothing can be made of nothing. 

Compounds consist of two or more elements, and the molecule 
of a compound must contain two or more atoms. If one knows the 
valence of the elements, he is then in control of much information 
of very great value in relation to compounds. Valence is the key 
to the understanding of compounds and chemical reactions. Table 
2 gives this information for the very important elements. 

Three of these elements — hydrogen, potassium, and sodium — 
have only one bond, or hand, for each atom (H— , Na— , and 
K — ) ; while chlorin (Cl) may use i, 3, 5, or 7 bonds. 

/rw T elements have only two bonds for each atom 
( — ilg-, and Ca=), these elements being strictly bivalent, 
bulfur sometimes uses only two bonds (in H,S and CSJ, but may 
use four or six. 
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Iron and manganese are alike peculiar, with a valence of 2, 3,6, 
or 7. 

Aluminum is a trivalent element with three-handed atoms, 
while nitrogen and phosphorus may use either three or five 
bonds. 

This leaves only the strictly tetravalent family, carbon ( = C=), 
silicon (=Si=), and titanium (=Ti=).^ 

When an iron atom uses three hands, it is called -ic iron, but if it 
uses only two hands it is called -ous iron. Thus we have the ferrous 
chlorid (FeClg) and ferric chlorid (FeClg); also ferrous oxid (FeO) 
iind ferric oxid (F^Og). Likewise, when phosphorus uses only 
three bonds, it is called -ous phosphorus, but with the five bonds 
in use it is -ic phosphorus, as in phosphorutt5 chlorid (PClg) and 
phosphoric chlorid (PCI5), which are also called phosphorus tri- 
chlorid and phosphorus pentachlorid, the endings, -ous and -ic, 
being unnecessary when the valence is specified in the number of 
cfilorin atoms held. 

Matter may exist in three distinctly different forms or classes 
which might be called “ wenary ” (single), “binary” (double), and 
“ /rinary,” or ternary (triple). 

First, matter may exist in the form of free or uncombined ele- 
ments; as solid metallic iron, aluminum, magnesium, calcium, 
sodium, or potassium; as solid nonmetallic carbon, phosphorus, 
sulfur, or silicon; as liquid mercury or bromin; or as gaseous 
oxygen, nitrogen, hydrogen, or chlorin. This might be termed 
the “ W(?nary ” form, all atoms in the molecule being of the one 
element. 

Second, matter may exist in binary compounds ; that is, with 

' Argon is of inteiest chiefly because it is so very common and yet so recently 
discovered. Argon is everywhere present in the air and we respire more than an 
ounce a day of that element. It is an invisible gas, and because it is mixed with so 
much nitrogen (which it resembles somewhat) and oxygen, and cannot be seen, 
it would be less easily discovered than many other elements; but the chief difficulty 
in detecting it.by chemical methods was due to its chemical inaction. Because of this 
inaction, it has been named argon, which means without action. When the ele- 
ment was discovered and very thoroughly investigated, the discoverers (Rayleigh 
and Ramsay, in 1894) concluded that the argon atom has no valence, — no hand with 
which to clasp the hand of another atom, either of argon or of any other element. 
In other words, they discovered that argon forms no compounds, and that the 
molecule of argon is monatomic {mon or mono means one, as in «t<?«otone * one 
tone). Later investigations indicate, however, that argon has some weak affinities. 
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two elements represented in the molecule. In the name of such a 
compound both elements are expressed, and sometimes the name 
also includes the number of atoms of each of the elements in the 
molecule, as phosphorus pentachlorid (PCy. As a rule, the name 
of one element is modified slightly so as to end* in -id, a termination 
that means that the compound is binary, containing but two 
elements. (Any exception to this rule will be self-explanatory.) 
Thus sodium chlorid must contain only two elements, sodium 
and chlorin, because of the names and the ending -id', and^ since 
sodium must be monovalent and chlorin may be, the formula 
for the molecule is . probably Na — Cl, which is correct for .com-* 
mon salt. 

As a matter of fact, chlorin is always monovalent in binary 
compounds with metals. Calcium oxid (quicklime) must be a 
binary compound of the two strictly bivalent elements, calcium 
and oxygen, and the molecufer formula may be Ca= 0 , which is 
also correct. Calcium chlorid should be Ca=Cl2; and magnesium ' 
chlorid, Mg=Cl2; and potassium oxid, K2=0; hydrogen sulfid, 
H2=S; sulfur dioxid, SO2 ( 0 =S= 0 ); and sulfur trioxid, SOj 
(in which the sulfur atom must use six bonds), all of which are 
correct. More complex molecules, which, however, are easily 
understood, are aluminum oxid (AI2O8) and phosphorus pentoxid 
(PaOfi). The aluminum atom has three bonds (or hands), and the 
phosphorus uses five bonds in this oxid, while the oxygen atom is 
always bivalent, having but two hands. There are six bonds of 
union in aluminim oxid and ten bonds in phosphorus pentoxid, 

Ai^O P =0 

thus: ^^ 0 , yo. Thus, if one knows the n«me, the atomic 
P =0 

weight, and the valence of the fifteen most important elements, 
he has the key to the formula and percentage composition of their 
binary compounds. 

Third, matter may exist in ternary (triple) compounds, with 

eltments represented in the molecule. Most ternary com- 
pounds contain oxygen, and, in naming such compounds, the most 
common rule is to express the names of only two of the elemmts 
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and then to employ a short ending to designate the oxygen. 
Thus, the ending -u/e commonly means oxygen. Ternary com- 
pounds may best be studied in groups, 'in which the relation of 
oxygen to one of the other elements is constant. Thus, the car- 
bonates constitute a large class of compounds in which the group, 
or radicle (=COg), is always present. The structural formula for 

this radicle is as follows: >C= 0 . From this it will be seen 

— 

that the carbonate radicle has two free hands, or bonds, capable 
of holding two monovalent atoms or one bivalent atom. Now, 
the fact is, that almost any metallic element can join hands with 
this radicle. Thus we have calcium carbonate (CaCOa) , magnesium 
carbonate (MgCOs), ferrous carbonate (FeCOa), sodium carbonate 
(Na^COa), etc. 

• 

The nitrate radicle is — NO3, as in sodium nitrate (NaNOa). 

The chlorate radicle is— CIO3, as in potassium chlorate (KClOa). 

The silicate radicle is =SiOa (like the carbonate radicle =CO^. 

The sulfate radicle is =SO|, as in calcium sulfate (CaSO^. 

The phosphate radicle is SPO4, as in ferric phosphate (FePOJ. 

If we can remember these six radicles, we have the key to the 
constitution and composition of a large number of ternary com- 
pounds, some of which are of the greatest importance in soil fer- 
tility; as, for example, limestone, which is calcium carbonate 
(CaCOj) ; land plaster, which is calcium sulfate (CaS04) ; and the 
importa,nt compound in phosphate rock and in bones, called “ bone 
phosphate,” which is calcium phosphate, Ca8(P04)2, also properly 
called tricalciui» phosphate. 

When the element chlorin, or the element sulfur, or any of these 
radicles join hands with metallic elements, the resulting compound 
is called a salt; as NaCl (common salt),Na2S04 (Glauber’s salt), 
MgS04 (Epsom salt) ; and even limestone (CaCGa) may properly 
be called a salt of calcium, and ferrous sulfate (copperas, which, 
however, contains no copper) is a salt of iron (FeS04). 

(bids and hydroxids. As already explained, matter may exist 
in the form of free elements, as nitrogen (Nj), sulfur (Sg), or phos- 
phorus (PJ. 
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Oxygen and hydrogen are not only very abundant elements 
(water, the “ universal solvent,” being H3O), but they are. also 
very active, chemically, and one or both have some part in nearly 
all important groups of compounds. 

Oxids are binary compounds of oxygen with other elements, 
and they constitute a very large class, because almost all other 
elements form compounds with oxygen. Important examples 
are common quartz sand, which is silicon dioxid (SiOj) ; water 
itself, which is hydrogen oxid (H2O); and carbon dioxid 
(CO2). 

Hydroxids are compounds which always contain the radicle 
—OH, which is known as hydroxyl, or the hydroxid group, or the 
hydroxid radicle. This group, consisting of one atom of oxygen 
holding one atom of hydrogen with one hand and with the other 
hand free, or clasping some other atom, is the most important 
group of atoms in all chemistry. As a group it is monovalent, 
having one free bond, and it unites with almost all elements. 
Thus, we may consider; 

Hydrogen hydroxid, HOH, or water. 

Potassium hydroxid, KOH. 

Calcium hydroxid, Ca(OH)2. 

Iron hydroxid, Fe(OH)3. 

Silicon hydroxid, Si(OH4). 

Phosphorus hydroxid, 

Sulfur hydroxid, S(OH)6. 

Ethyl hydroxid, CjHjOH, or alcohol. 

In these compounds, the valence of the different elements varies 
from I to 6, and a corresponding number of ffydroxyl groups 
( — OH) may be held. While these various hydroxids, as KOH, are 
not strictly binary compounds, the unbroken — OH group acts 
much like an element and the ending -id is used for these com- 
pounds. This cannot be misunderstood, because potassium hy- 
droxid (for example) plainly indicates the three elements, potas- 
sium, hydrogen, and oxygen. 

Note. The meanings of a few word endings and prefixes are noted here 
for reference: 
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The ending -ic means common, as in ferric chlorid (FeClj), and sulfuric 
acidCHsSpa. 

The ending -ous peans less, as less chlorin, in ferrous chlorid (FeCh), and 
less oxygen, in siilfurous acid (HjSOs). 

The ending -ate means common; usually suggests oxygen, as in sodium 
nitrate (NaNOg). 

The ending -ite means less, as in sodium nitrite (NaN02). 

The prefix hypo- means still less, as in hyposulfurous acid (HaSOa), or in 
sodium hyposulfite (NaaSOa). 

The prefix per- means more, as in persulfuric acid (HaSaOg). 

The prefix hydro- means hydrogen and no oxygen, as in hydrochloric acid 
(HCl). 

The ending -ic in the names of acids without the prefix hydro- suggests 
oxygen, as in sulfuric acid (HaSO^) . 

The ending -id is used for binary compounds. 

Hydro-k acids yield M salts; other -k acids yield -ate salts; and -ous 
acids yield -ite salts. 

Hydroxid oxids. We have, not only oxids and hydroxids, but 
also compounds that are part oxid and part hydroxid, as shown 
by the structure formulas given in the first column in the following 
classified list: 


ClOH . . 

. Hypochlorous acid, HCIO. 

OClOH . 

. Chlorous acid, HClOg. 

O3CIOH . 

. Chloric acid, HCIO3. 

O3CIOH . 

. Perchloric acid, HCi04. 

S( 0 H )2 . 

. Hyposulfurous acid, HjSOa. 

OS(OH)2. 

. Sulfurous acid, H2SO8. 

02S(0H)2 

. Sulfuric acid, H2SO4. 

ONOH . 

. Nitrous acid, HNO3. 

02NflH . 

. Nitric acid, HNOg. 


Here we have an atom of chlorin, sulfur, or nitrogen, one or 
more oxygen atoms, and also one or more hydroxyl groups, in the 
same molecule, and the increasing valence of certain elements is 
illustrated, — that of chlorin from i (in HCl) to 3, 5, and 7, in 
the compounds shown; that of sulfur from 2 (in HjS and CS^) 
to 4 and 6, in the compounds here shown; and nitrogen with three 
and with five bonds. 

The formulas, showing both oxid and hydroxid characters, can 
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all be derived from the corresponding hydroxids by subtracting 
water (HjO), thus: 

C1(0H)3 yields OClOH and H^O. 

C1(0H)5 yields O2CIOH and 2 H2O. 

C1(0H)7 yields O3CIOH and 3 H2O. 

S(0H)4 yields 0S(0H)2 and H2O. 

S(OH)e yields 02S(0H)2 and 2 H2O. 

(Sulfur hexahydroxid) (Sulfuric acid) (Water) 

HOv 

HoKh 

ho/ ^ 

Acids, alkalis (bases), and salts. The most important chemical 
elements may be divided into three great groups: 

First, the six metals (iron, aluminum, calcium, magnesium, 
potassium, sodium); second, the six nonmetals (nitrogen, phos- 
phorus, sulfur, carbon, silicon, chlorin); and, third, the two special 
elements, oxygen and hydrogen. When combined with oxygen and 
hydrogen, the six metals form alkaline, or basic, compounds, 
while the six nonmetals form acid compounds, as shown above. 

Alkali and acid are exactly opposite terns. An acid is sour, 
while an alkali is sweet (chemicaUy speaking). A better expression 
than sweet is basic, which means the chemical opposite of sour. 
Thus, if the land becomes sour because of the development of acids 
m the soil, we may make it sweet by adding a basic substance 
hke calcium hydroxid, Ca(0H)2. This compound is slacked lime. 
The use of limestone and other forms of lime for correcting soil 
acidity is fully explained in the following pages. 

Ca(0H)3 and S(0H)3 are both hydroxids, but the first is a 
strong base (or alkali) and the other is a strong acid. When they 
are brought together, a chemical reaction occurs and the products 

hydroxid' 

b(QH)e may also be called hexahydroxyl sulfuric acid. It is often 
wntten HeSOe but it should be borne in mind that, in the structure 
of the molecule, oxygen is themiddle link. If this is heated, or 
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made to react with a base, it first loses two molecules of water, as 
already shown: 

HeSOe = H2SO4 + 2 HaO. 

The compound HgSO^ is common sulfuric acid, and it reacts 
with calcium hydroxid in accordance with the following equation: 

rOH"H; 

Ca^i 4- !^04 = CaS04 + 2 HgO. 

^iOH W 

The dotted line shows how the two compounds are broken. The 
two hydrogen atoms are broken off from the sulfuric acid and the 
two hydroxyl groups are broken off from the calcium hydroxid, 
and each hydrogen atom (H — ) immediately joins hands with a 
hydroxyl group ( — OH) and thus^are formed two molecules of 
water, 2(H— 0— H). The bivalent calcium atom (Ca=) also 
^asps the two free hands of the radicle =$04, and forms the 
compound CaS04, which is calcium sulfate. Thus, from a base 
(alkali) and an acid, we have formed water and a neutral salt, 
neither acid nor alkaline. 

This is a typical reaction between a hydroxid acid and a hydroxid 
base, resulting in the formation of a salt. Many other salts may be 
formed by similar reactions between basic hydroxids, oxids, or free 
metals, on the one hand, and different kinds of acids, on the other 
hand, which may contain oxygen in the form of hydroxid only, 
or in both Jiydroxid and oxid form, or the acid may contain no 
oxygen, but only hydrogen joined directly to some nonmetallic 
element, as in hydrochloric acid (HCl) or hydrosulfuric acid (H2S). 

Salts are the most abundant and important compounds. The 
earth’s crust consists largely of insoluble mineral salts, called sili- 
cates. These are, as a rule, very complex salts, one of the simplest 
being common felspar, potassium aluminum silicate, KAlSigOg. 
This double salt is the principal source of potassium, one of the 
'essential elements of plant foil. Common salt is sodium chlorid, 
NaCl. Epsom salt is magnesium sulfate, MgS04. Glauber salt is 
sodium sulfate, Na2S04. Even limestone is a kind of salt, calcium 
carbonate, CaCOg. 

For convenience, the formulas of salts containing oxygen are 
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written with the oxygen in one group, as Na5S04, but it may well 
be remembered that oxygen is regularly the linking element be- 
tween the metal and the nonmetal, and the structure of the mole- 
cule is better shown if written thus: 

Na-oX^^Na,0,SO, 

A few more equations for typical reactions will show the various 
ways by which salts may be formed. Other similfir acids and bases 
give similar products: 

Ca(OH)3 -f- H2SO4 = CaS04 + 2 H^O. 

KOH + HNO3 = KNO3 + HgO. 

These equations represent, first, the reaction between the cal- 
cium hydroxid and sulfuric acid with the formation of calcium 
sulfate (gypsum, or land plaster), and, second, the reaction be- 
tween potassium hydroxid and nitric acid with the formation of 
potassium nitrate (saltpeter). 

In place of a hydroxid base, we may use an oxid of some metal, 
thus: 

CaO + H2SO4 = CaS04 + H2O. 

CaO + 2 HNO3 = Ca(N03)2 + H^O. 

K2O + H2SO4 = K2SO4 + H2O. 

. The salts formed are calcium sulfate, calcium nitrate, and potas- 
sium sulfate, and in each reaction only one molecule of water is 
formed, when the oxid base is used, in place of two molecule of 
water from the use of a bivalent hydroxid base. 

The base may be not only in the form of an oxid or hydroxid of 
the metal, but we may use the free metal itself as a base, thus ; 

Fe-f H2S04 = FeS04,-l-H2. 

Mg + 2HN03=Mg(N03)2 + H2. 

In these reactions the hydrogen atoms are displaced by the metal^ 
and liberated as a gas. 

While most acids contain oxygen either as a hydroxid (CIOH) 
or a hydroxid oxid (OClOH or O2CIOH), a few acids, with the prefix 
hydro-, contain no oxygen; as, for example, hydrochloric acid 
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(KfCl); but these acids also react with bases (metals, metallic 
oxids, or metallic hydroxids), as shown above for the oxygen acids, 
thus: 

Fe + 2 HCl = FeCl2 + 

CaO + 2 HCl = CaCl2 + H2O. 

NaOH + HCl = NaCl + H^O. 

In these reactions' the salts formed are chlorids. The last equa- 
tion shows the reaction between sodium hydroxid, which is ordi- 
nary concentrated lye, a poisonous substance, and hydrochloric 
acid, which is also a poisonous substance; and the salt formed is 
sodium chlorid (NaCl), the common table salt, and the most 
abundant salt of the ocean. 

Hydrosulfuric acid (H2S) also forms many salts, called sulfids, 
as iron sulfid (FeS), calcium sulfid (CaS), etc. 

In all of these reactions the nunlber of pounds of any base re- 
quired to react with a given amount of any acid is easily and accu- 
rately computed, and the amount of the salt to be formed and of 
the water or hydrogen to be liberated can also be told in advance, 
if one knows the atomic weights and the equation for the reaction. 
Thus, 40 pounds of sodium hydroxid will react with 36.5 pounds 
of hydrochloric acid, and form 58.5 pounds of common salt and 
18 pounds of water. It will be seen that 76.5 pounds of materials 
are used, and that 76.5 pounds of products are formed. In like 
manner, all such equations must balance. In other words, the num- 
ber and kind of atoms and the total quantity of materials put into 
the reaction on one side of the equation must be exactly the same 
as appear in the products on the other side of the equation. 

Acid salts are salts which still contain some of the hydrogen of 
the acid from which they were made. Thus, if we supply only one 
half as much potassium as would be required to react with a cer- 
tain amount of sulfuric acid, if an acid salt is possible, it will be 
formed: 

KOH + H2SO4 = KHSO4 + H2O. 

The sulfuric acid molecule has two hydrogen atoms, and, to 
make neutral potassium sulfate, both' hydrogen atoms must be 
replaced with potassium atoms; but in the equation here shown, 
only one potassium atom is provided. Consequently, only one 
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hydrogen atom is replaced by potassium, and the compound 
formed is acid potassium sulfate (HKSO4 or KHSO4) * charac- 
ter of this compound is one half acid and one half salt. If applied 
to the soil, it would tend to make the soil sour, or acid, which is also 
true of the common acid phosphate of the fertilizer trade, which is 
further discussed under phosphorus. 

Common acids are so few in number that it is well worth while to 
memorize the formulas. The following are important in the study 
of soil fertility: 


HCl. . 

. Hydrochloric acid (no oxygen). 

HNOg . 

. Nitric acid. 

HNOg . 

. Nitrous acid (less oxygen). 

H2SO4 . 

. Sulfuric acid. 

HsPO^ . 

. Phosphoric acid. 

HgCOg . 

. Carboni(facid. 

HgSiOg . 

. Silicic acid. 

HgS . . 

. Hydrosulfuric acid (no oxygen) . > 


The salts made from these acids, and their derivatives, by reac- 
tion with the bases represented by the six metals (iron, aluminum, 
calcium, magnesium, potassium, and sodium) constitute, in large 
part, the solid crust of the earth and the salts of the sea. One non- 
metallic oxid (SiOj) and two oxids of metallic elements (FcgOj and 
AljOg) are also found native in very considerable amounts. 

Some acids are strong and some are weak. The weakest acid is 
carbonic (HjCOg), but silicic (HgSiOg) and hydrosulfuric (KgS) 
are also weak acids; while hydrochloric (HCl), nitric (HNO3), 
sulfuric (H2SO4), and phosphoric (HgPOJ are all very strong acids. 
A strong acid may take a base away from a weak acid, thus: 

CaCOg + HgSO^ = CaSOi + H3CO3. 

Here we have the strong sulfuric acid reacting with calcium 
carbonate (limestone) to form a neutral salt, calcium sulfate, and 
the weak carbonic acid. The carbonic acid is so weak that it may 
break in two, forming water and carbon dioxid: 

HgCOg^HgO-f-COg, 
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Thus we may apply limestone (CaCOg) to an acid soil (containing 
organic acids, silicic acid, or acid silicates), and the soil acids will 
take the base (calcium), and the liberated carbonic acid will break 
in two, the gas carbon dioxid (COg) passing out of the soil into the 
air and thus leaving the soil with no acid in it. 



CHAPTER III 

PLANT FOOD AND PLANT GROWTH 

Oiygen. Oxygen is the most abundant element. It constitutes 
about one half the sum. of all known matter. It forms chemical 
compounds with nearly all other elements,^ and is, in consequence, 
termed a chemically active element. In’ the free state (O2), it is a 
gas. In this form it constitutes about 23 per cent of the air. It 
is thus present everywhere and ready to form compounds with other 
elements, or to attack other c«mp( 3 unds under favorable conditions. 
The compounds formed with oxygen may at ordinary temperatures 
be gases, such as carbon dioxid (CO2), liquids, such as water (H^O), 
solids, such as iron oxid (Fe203). 

All ordinary combustion consists of chemical reaction with 
oxygen, and the principal products formed are carbon dioxid and 
water. 

Water is eight ninths oxygen, and carbon dioxid is eight 
elevenths oxygen, as any one can determine for himself if he knows 
the atomic weights given in Table 2. The grain of com is neftTly 
one half oxygen (46 per cent). . . * 

Carbon. This is a very common element, but not very abundant 
as compared with nine other elements. Even titanium, a tetrava- 
lent element belonging to the same periodic group as carbon and 
silicon, is one half more abundant than carbon in the earth’s crust. 
But titanium has no agricultural value, while carbon is one of 
the most important elements in the structure of plants and ani- 
mals... About 45 per cent of the com kernel is carbon. 

Carbon in the free state is the principal element in coal and char- 
coal. Soft coal (bituminous) contains about 90 per cent of carbon, 
and hard coal (anthracite) contains about 97 per cent of carbon. 

Graphite, the “ lead ” used in lead pencils, is not lead, but car- 

‘ No oxygen compounds are known with fluorin^ a^n, or Jtelium. 
a6 
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bon. It differs in some manner from the carbon in coal or char- 
coal, probably because of a different number, or a different arrange- 
ment, of the atoms in the molecule. 

The diamond is very pure carbon in crystallized form. Both the 
diamond and ordinary carbon may be converted into graphite, 
and small diamonds have been made artificially . from ordinary 
carbon. 

Free carbon in any form buhis with oxygen to form carbon dioxid 
(COj), but with graphite and the diamond the reaction occurs 
only at higher temperatures than are necessary with ordinary 
carbon. 

Carbon in the free state has never been liquefied, but it has 
been volatilized at the temperature of 3500° Centigrade (6332° 
Fahrenheit). On the other hand, many of the compounds with 
carbon are liquids or gases at ordinary temperatures. Examples 
of liquid compounds are carbon disiSfid (CSj), benzene (C^Hg), and 
many other hydrocarbons contained in petroleum; while carbon 
dioxid (CO2), methane (CH4), and acetylene (C2H3) are well-known 
gases containing carbon. 

/In ^olid form, carbon occurs not only in the free state, 
but also in compounds, of which two very important groups are 
4 ;he carbonates and the carbohydrates. Marble, limestone, chalk, 
and marl are different forms of calcium carbonate (CaCOs), one 
of the few compounds with a molecular weight of 100, and thus 
containing 12 per cent of carbon, 40 per cent of calcium, and^8 
per cent of oxygen. Of these four materials Marble is nearly pure 
calcium carbonate, while the others may be nearly pure or very 
impure. When calcium carbonate is heated, two bonds are broken 
and then joined in another way, so that the one compound (CaCOj) 
is broken into two (CaO) and (COg), thus; 

ea<^^=0 becomes Ca^^=0, or 
CaCO, = CaO + CO,. 

The calcium oxid (CaO) is burned lime, or quicklime, whidi 
remains in the kiln; while carbon dioxid (CO^) is a gas which passes 
off into the air. It is easy to see thai only 56 pounds of quicklime’ 
could be made from 100 pounds of pure limestone. 
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Limestone is a constituent of good soils, and it limestone is not 
present in a soil, then it should be applied^ for, as already explained, 
carbonic acid is the weakest of all acids, and, consequently, if the 
soil contains limestone, it cannot be an acid soil, because the soil 
acids will take the base away from calcium carbonate (and also 
from any other carbonate), and the liberated carbonic acid is 
broken up into water and carbon dioxid. 

Magnesium carbonate and iron c*&rbonate are found in rock 
deposits; while potassium carbonate (K^COg) is the lye (alkali) 
obtained from wood ashes, and sodium carbonate (NagCOg) is the 
most harmful alkali in alkali soils. The carbonic acid is so weak 
that the carbonates of the strongest bases (potassium and sodium) 
are almost as basic (alkaline) as the hydroxids of the same ele- 
ments (KOH and NaOH). 

The term hydrate used in the name of a chemical compc^d 
means that it contains water combined with some other consfSi- 
ent, or that hydrogen and oxygen are present in the same pf^or- 
tion as in water (H2O). Thus, carbohydrates contain carbon and 
water. This very important group of carbon compounds, includ- 
ing sugar, starch, and cellulose (wood fiber) will be explained after 
hydrogen has been discussed. 

Hydrogen. Hydrogen is the third most important element in 
plants, constituting about 6.4 per cent of the corn kernel. Water 
is the only abundant source of hydrogen, although the element is 
found in the earth’s crust in appreciable amount, chiefly in hy- 
drated mineral compounds containing, as the name indicates, 
water in combination with salts. In some cases the combined 
water corresponds to the amount that might be held in hydroxid 
form; as, for example, in the abundant mineral called gypsum, 
or land plaster, which is calcium sulfate crystallized with two 
molecules of water, CaS04 : 2 H3O, or Ca02S(0H)4. 

Hydrogen in the free state (H^) is a gas. From Table i it will be 
" seen that the|iol^ule of hydrogen (Hg) is lighter than the atom of 
any other <®ient; and, according to the gas law, a given volume 
' will be ‘filled by the same number of molecules of hydrogen as of 
any other •gas. Consequently, hydrogen gas is the lightest of all 
known gases, so that a balloon filled with hydrogen easily floats 
in the atmosphere of nitrogen (N3) and oxygen (O^), one of which 
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is fourteen times, and the other sixteen times, heavier than hy- 
drogen. 

At the ordinary temperature, hydrogen and oxygen gases can 
be mixed together and remain a mixture; but, if heated or ignited, 
the bonds which hold the atoms in molecules (Hg and Oj) are 
broken, and the mixture explodes with terrific force and loud re- 
port. The only product of the explosion,, or at least of the reac- 
tion, is water, HjO; and, if either gas was present in the mixture 
in excess of these proportions, the excess remains unchanged. 
The com kernel contains 6.4 per cent of hydrogen, or about 97} 
per cent of the three elements, oxygen, carbon, and hydrogen. 

Life. The fixation of carbon is the most important process in the 
growth of plants. By the term fixation is meant the changing of a 
gas or soluble substance to a solid or insoluble form by means that 
involve chemical reaction. (The fixation of atmospheric nitrogen, 
the fixation of soluble phosphorus in soils, and the fixation of po- 
tassium and other bases will be explained in the following pages.) 

The process known as the fixation of carbon is the more impor- 
tant, because it involves, not only the fixation of carbon itself, 
but likewise the fixation of both oxygen and hydrogen. Its im- 
portance is better appreciated by recalling that these three ele- 
ments compose about 95 per cent of the entire weight of most 
agricultural plants or crops. Both the carbon and oxygen utilized 
in plant growth are derived from the carbon dioxid contained in 
the air. It is truly remarkable that 90 per cent (90 pounds in 100) 
of our common crops must be secured from .04 per cent (4 parts in 
10,000) of the air. 

The fixation of carbon, oxygen, and hydrogen takes place in the 
green parts of plants. The carbon dioxid enters through the breath- 
ing pores ^ on the under side of the leaf; and the water, composed 

’ A breathing pore consists of two guard cells with a slit between them, passing 
through the outer coat of the leaf. These slits or openings are greatly influenced 
by the moisture and temperature of the air. In the absenc? of light they remain 
closed. When the breathing pores are open, the outside air has free access to the 
intercellular spaces and passages within the leaf. 

The number of breathing pores varies with different plants. About 17,000 per 
square inch have been found on oat leaves, 102,000 on com leaves, and 216,000 
per square inch on the leaves of red clover. They are found chiefly on the under side 
of leaves and on green steins, but sometimes in small numbers on the upper leaf 
surface and even on underground stems. 
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of hydrogen and oxygen, enters the leaf through the stem, hamg 
gassed from the soil into the plant through the roots. 

As the carbon dioxid and water come together within the leaf, a 
chemical reaction occurs which may be illustrated by the following 
equation; * 



H 2 =o>;o=c=o = H2G0+ Oj. 


The dotted line shows how the bonds are broken. The two atoms 
of oxygen that are set free immediately join hands to form a mole- 
cule of oxygen (Oj), which passes from the leaf into the outer air. 
The two hydrogen atoms (Hj^) attach themselves to the group, 
=C0, forming the compound, H 2 CO, which may also be written 
CHjO, to show its hydrate character, and which might be called 
monose, but is commonly knqwn as formic aldehyde. This reac- 
' tion occurs only in the light and only in the presence of active 
living chlorophyll (the green coloring matter of leaves). In other 
words, this compound is formed under the influence of life, and 
by it we enter a new field known as organic chemistry. 

Organic matter. Organic matter consists of compounds formed 
by life processes, — compounds that are, or have been, living 
matter; whereas, inorganic matter consists of rocks, minerals, and 
metals, of salts, liquids, and gases, whose origin has no necessary 
connection with any living substance. Organic matter consi^s 
of carbon compounds,^ such as hydrocarbons (containing dnjy 
hydrogen and carbon), fats (containing much carbon and hydrogen 
with little oxygen), carbohydrates (containing carbon with hy- 
drogen and oxygen in proportion to form water — as the name in- 
dicates), and proteids, which contain not only carbon, hydrogen, 
and qxygen, but also nitrogen, and sometimes phosphorus and 
sul^ These are the great groups of organic compounds compos- 
io^lants and animals. The carbohydrates are the most abundant 
m^lants, while tfie proteids, although a necessary part of plants, 
we the most abundant compounds in animals. , . 

I^ddiydes and carbohydrates. Formic aldehyde is only one of 
r inaiiy aldehydes, which constitute a large class or series of organic 
^compounds. The aldehydes are extremely active substances and 

^ Matty <rf the sirijritf carbon ocmpouads can be made artiftdafly. 
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have power to attack and decompose other substance. Formic 
aldehyde is often used as a disinfectant, and a 40 per cent solution, 
known as “ formalin,” is employed (at the rate of one pound of 
formalin in 50 gallons of water) to destroy smut in seed oats, for 
example. 

A remarkable property of the aldehydes is the power of condensa- 
tion, by which two or more molecules are condensed into one; 
Thus, two molecules of formic aldehyde, or monose, aCHgO, may 
become one molecule of diose, while three molecujes may 

form one of triose, CgHgOg; and four may form tetrose, C4H8G4; 
and five, pentose, CgHigOg; etc. 

The condensation process is so rapid that formic aldehyde itself 
is found in plants only in very small amount, while the condensa- 
tion products constitute commonly 80 to 90 per cent of the entire 
plant. The ending -ose means sugar, and the prefix mon-y di-, tri-, 
etc., designate the number of carbbn atoms in the molecule. The 
following may illustrate this series of carbohydrates: ^ 

CHgO, monose (formic aldehyde). 

C2H4O2, diose (unknown). 

CgHgOg,' triose (glycerose). 

C4Hg04, tetrose (erythrose). 

CgHigOg, pentose (xylose). 

CgHi20g, hexose (glucose). 

C12H24O12, lactose (milk sugar). 

CjgHggOu, sucrose (common sugar). 

Here we may see the possible development of the well-known 
glucose, milk sugar, and common sugar (obtained from sugar cane 
and sugar beets), as condensation products from monose, or formic 
aldehyde, formed in the living plant from carbon dioxid and water. 

* It cannot be considered as absolutely proven that formic aldehyde is always 
the.first product of this fixation process; and, if it is, it seems that the first condensa- 
tion product results from the union of three molecules, •because the compound 
’ that might be called diose is not found in plants an(i is not known to exist. 

The. known facts are that carbon dioxid is condensed in the leaves of plant* 
and that oxygen is given off in the proportions required for this reaction (aside from 
the oxygen normally ejthaled), ilso that formic aldehyde is found in plant leaves, 
that aldehydes have the power of condensation, and that multiples the formic 
aldeh^a, moiecufe are actually present in plants (as hexose) or represented (a* 

sta^ ^ulose, pentosans, etc.). 
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It may be noted that cane sugar differs from milk sugar by one 
molecule of water (H2O). The sugars are a very important group 
of compounds, but perhaps the starches are a still more important 
group. Starch (CgHioOg) appears to differ from glucose (CgHjgOg) by 
one molecule of water (HgO), but it is known that the starch mole- 
cule is not simply CgHj^Og, but some multiple of this formula, which 
is best written (CeHioOg)^:, in which stands for the number by 
which this formula should be multiplied, for as yet x is unknown, 
although the proportion or percentage of each element in starch 
is known. 

The formula for cellulose (plant fiber) must also be recorded as 
(CeHioOg);^, but this x may be a different number than the x of 
the starch molecule. 

Growth. Rapidity of growth is related to leaf surface. Sugar, 
starch, and fiber constitute the great carbohydrate group of plant 
structure, and their formation is dependent primarily upon the 
fixation of carbon, with oxygen and hydrogen, in the leaf; and, 
with all necessary things provided in proportionate amounts, this 
process goes on in direct proportion to leaf surface. In other words, 
under perfect conditions, a leaf four inches long will grow four times 
as much during the day as a leaf only one inch long; and, with 
sufficient moisture and with plant food provided in abundance, 
a pasture with the grass kept six inches long will furnish twice 
as much feed as one with the grass kept down to three inches. 

If the foundation principles and the controlling factors in plant 
growth can be known, then the ideal conditions for crop production 
may be provided much more nearly than is common. The ideal 
condition is to provide all controllable factors in such abundance 
or perfection that the crop yields will be limited only by the sun- 
shine and rainfall. With all other limiting factors removed, the 
average yield of corn in the com belt would undoubtedly exceed 
100 bushels per acre. (See the records of actual yields, in the follow- 
ing pages.) 

Carbon cycle. The ^rbon cycle include both the fixation and ' 
" the liberation of carbon. Animals feed upon plants and plant prod- 
ucts rich in carbon compounds, which in part are digested and eax- 
ried into the blood to meet the oxygen inhaled through the lungs. 
The carbon is burned, or oxidized, to carbon dioxid, furnishing 
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to the animJil the energy or heat ‘equivalent to that of ordinary 
combustion in the furnace, of the same materials; and the carbon 
dioxid is then thrown off through the lungs into the air, again to 
become the source of carbon and oxygen for plants. Thus, the 
fixation of carbon by the plants on the one side, and, on the other, 
all forms of combustion, including the visible flame, the consump- 
tion and oxidation of food by animals, or the oxidation of organic 
matter in the soil, completes the endless carbon cycle. 

But for this carbon cycle, plant growth and crop production 
would soon cease. A simple computation reveals facts not com- 
• monly appreciated : 

A column of air one inch square and the height of the atmosphere 
v^eighs 15 pounds, which is equivalent to 2160 pounds per square 
foot, or less than 95 million pounds per acre. In ten thousand 
pounds of average air there are less than four pounds of carbon 
dioxid (CO2) or about one pound of harbon. Consequently, there is 
less than 10,000 pounds of carbon in the air above one acre of land. 
In 100 bushels of corn (5600 pounds), there are 2500 pounds of 
carbon. (See Table 2, or compute from the per cent of carbon in 
starch and fiber, CgHjoGg.) Thus, the total supply of carbon over 
an acre of land is only equal to the needs of four such corn crops as 
are commonly produced on the best-treated corn-belt land in the 
best seasons, the grain only being considered, or to only two crops, 
considering both grain and stalks. If, however, only one fourth 
of the earth’s surface is land, if only one fourth of the land is 
cropped, and if only one fourth of 100 bushels is the average crop, 
then the supply of carbon is sufficient, not for two years only, but 
for 128 years, which, however, still emphasize the fact that the 
carbon cycle makes possible the continuation of plant life on the 
earth. 

A maintenance ration for animals is a supply of food sufficient 
only to support the animal body in health, to provide food materials 
for repairing the daily waste, and to furnish energy sufficient to 
keep the body warm and to maintain the «:culation of the blood 
and other necessary activities. Plants also have some vital pro- 
cesses to provide for, and, to a limited extent, plants are consumer 
of enei^y day and night. Food materials are stored by*the plant, 
chiefly to be utilized in subsequent plant development. Thus 
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sugars are converted into starch and stored away in roots, tubers, 
or seeds, to supply the future needs of the same plant or of new 
plants. At the proper time the plant reconverts the insoluble 
starch into soluble sugar ^ and carries it through the circulation 
to the point of consumption as food by the plant, either for 
energy, repair, or growth. Food materials are thus consumed or 
oxidized within the plant, and carbon dioxid is constantly given 
off from all its living parts, including the roots. During the day 
the fixation of carbon is commonly so great as to completely mask 
the liberation of carbon dioxid in the green parts of the plant. 

Vegetable fats. Before leaving the subject of the fixation of* 
carbon, oxygen, and hydrogen, some further mention should be 
made of the group of compounds called fats, whose importance is 
exceeded only by that of carbohydrates and protein. 

The vegetable fats and oils show distinct relationship to a con- 
densation process similar to ^the formation of sugars and other 
carbohydrates from formic aldehyde, the photosynthetic product of 
the reaction between carbon dioxid and water in the leaves of 
plants. The following series of compounds will show this relation- 
ship: 

Hydrocarbons Fatty acids 


HCHg- Methane . . 
CH3CH3 — Ethane . . 
CgHsCHg — Propane . 
CsHyCHj — Butane . , 
QHgCHg — Pentane . . 
CiHiiCHg— Hexane . 
CeHigCHg — Heptane . 
QHijCHg— Octane . . 
CiiHggCHa — Dodecane . 
CijHsiCHg — Hecdecane 


Unsaturated 


HCOOH— Fonnic ac-id. 
CHgCOOH— Acetic acid. 
CgHgCOOH — Propionic acid. 
CgHyCOOH — Butyric acid. 
C4H9COOH — Valeric acid. 
CgHjiCOOH — Hexoic acid. 
CgHigCOOH — Heptoic acid. 
CyHjjCOOH — Octoic acid. 
CjiHgsCOOH — Laurie acid. 
QjHgiCOOH — Palmitic acid. 
C17H35COOH — Stearic add. 
C^Hg^COOH— Oleic acid, 
CiyHgjCOOH — Linolic acid. 
C17H29COOH — Linolenic add. 


The hydrocarbons, which constitute the simplest series of carbon 
compounds, are shown for direct comparison with the fatty acid 

^ Glucose sugars and sirups are manufactured in large quantities by use of strong 
adds for converting the starch into glucose. 
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series. All of the compounds here illustrated are known. The two 
series differ only by the — COOH group in the fatty acid series in 
place of the — CHg group in the hydrocarbon series. The — CHg 
group is methane from which one hydrogen atom is removed, 
leaving the radicle — CH3, which is called methyl (one of the alkyl 
radicles), and acts as a monovalent radicle, replacing one hydrogen 
atom. It finds a place in many organic compounds, as in ethane 
(CHg— CHg), butane (CHg— CHg— CH2— CHg), etc. 

The group, —COOH, is called carboxyl, or the acid group. It 
may be represented: 

-C-O-H 


This group also has one free boijd and acts as a monovalent 
radicle. Whenever this group is contained in an organic compound, 
the compound is an acid. The hydrogen in the hydroxyl part of 
this group may be replaced by metals, thus forming salts. If the 
free hand in this carboxyl group is grasped by a hydrogen atom, the 
compound formed is formic acid, but if methyl ( — CHg) joins hands 
with carboxyl (—COOH), the compound formed is acetic acid 
(CHgCOOH), the acid which gives to vinegar its sour taste. When 
lead (Pb) is used as a base to form a salt with acetic acid by re- 
placing the acid hydrogen of the hydroxyl group, the sourness is 
destroyed and the salt is known as sugar of lead, or lead acetate, 
(CH3COO)2Pb. When the hydroxyl group joins alkyl radicles 
(— CHg, — C2H5, etc.), alcohols are formed, as methyl alcohol 
(CH3OH), called wood alcohol, and ethyl alcohol (CgHgOH), 
which is common alcohol. 

Common glycerin, which is also called glycerol (because it is 
an alcohol), is an organic compound consisting of a trivalent 
radicle, called glyceryl, united with three hydroxyl groups, 
C,H,(OH),. 

Common animal fats consist chiefly of palmitic, stearic, and oleic 
acids combined with this radicle, sCgH^, and the fats themselves 
are called palmitin, stearin, and olein. The harder fats, like tallow, 
contain more stearin (Ci7H35COO)3C3H6, while the softer fats, like 
lard and butter, contain considerable olein, which differs from 
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stearin by having two less hydrogen atoms in each acid radide. 
By itself, olein is a liquid or oil. 

The oil of corn contains about 4 per cent of stearin, 45 per cent 
of olein, and 48 per cent of linolin, which differs from olein by two 
hydrogen atoms, and from stearin by four hydrogen atoms, in 
each acid radicle. 

When these fats and oils are heated with a strong base (alkali) 
such as potassium hydroxid, three potassium atoms displace 
the glyceryl radicle (sCgHg) and form potassium stearate 
(C17H35COOK), potassium oleate (Cj^HggCOOK), etc.; while 
the three hydroxyl groups unite with glyceryl to form glycerin, 
C3Hg(OH)3. The salts formed by potassium or sodium with these 
fatty acids are what we call soap, the potassium compounds being 
soft soap, and the sodium, hard soap. 

While the fixation of carbon, oxygen, and hydrogen, resulting 
ultimately in the formation of carbohydrates and fats, is properly 
considered the most important process in plant growth, we may 
well remember that no fixation and no growth occur in the absence 
of the other seven essential elements of plant food. Indeed, from 
the standpoint of possible control of crop production, another 
tripod is more important than these three; namely, nitrogen, 
phosphorus, and limestone. 

Nitrogen. This element has received more consideration as 
plant food than any other essential element. In the free state (N2) 
it is a gas, and in this form it .constitutes three fourths of the air. 
The total supply of nitrogen over each acre of the earth’s surface, 
if available, would meet the needs of a hundred-bushel crop of 
corn every year for 500,000 years; whereas the supply of carbon 
is sufiicient for such crops for only two years. Nevertheless, carbon 
has no commercial value as plant food, while nitrogen in available 
form is worth 15 to 20 cents a pound in the markets. These facts 
only emphasize the need of science in agriculture. 

Nitrogen is not confined in the mineral matter of the earth, but 
it is \ constituent or common organic matter. It is an essential 
part of the structure of every plant and animal, and is present in all 
crops and crop residues and, consequently, in the organic matter, 
vegetable matter, or humus, of the top soil; and it is from the 
decomposition products of this oiganic matter that nitrogen is 
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furnished to most growing crops, by a process (nitrification) that 
is more fully explained in the following pages. 

Protein. Protein is the general name for organic nitrogen com- 
pounds, including the proteids, or final products, and the amids, 
or intermediate products. The amids and proteids of the protein 
group might be compared with the sugars and starches (and fibers) 
of the carbohydrate group in which the sugars are the intermediate 
form and the starches (and fibers) the more permanent form. 
Protein always contains nitrogen in addition to oxygen, carbon, 
and hydrogen. 

The chemical reactions involved in the formation of proteids 
are not yet well understood, although many of the intermediate 
products (amids) are well known, and some can be made arti- 
ficially. The amids are especially abundant in young or immature 
plants, and they are also liberated as intermediate decomposition 
products. Thus, carbamid, 0 =C = (NH2)2» which is also called 
urea, is a common nitrogen compound in urine, the medium by 
which most of the nitrogen waste is thrown off from the animal 
body. This compound might be considered as formic aldehyde, or 
monose (0=C=H2), in which the two hydrogen atoms are re- 
placed by two amido groups, and the amido group (— NHg) may 
be considered as ammonia in which only two monovalent hydrogen 
atoms are joined to the trivalent nitrogen atom, thus leaving one 
free hand by which this group may be attached to other groups or 
atoms in the building of molecules. The hydroxyl group (—OH) 
and water (OH2),in relation to oxygen, correspond to the amido 
group (— NH2) and ammonia (NHg), in relation to nitrogen, and 
also to the methyl group (— CHg) and methane (CHJ, in relation to 
carbon. The amido group ( — NH2) acts as a monovalent radicle, 
and by replacing hydrogen atoms in various compounds forms new 
compounds called amids, or amido compounds, and these by con- 
densation or combination with other groups may form the final 
nitrogenous organic compounds called proteids, which constitute 
chiefly the flesh (not fal^ and vital organs of^nimals, and the pro- 
tein of mature plants. 

It has been suggested that amido formic aldehyde, H2NCHO, or 
amido acetic aldehyde, CH2(NH2)CHO, or aspartic aldehyde (see 
aspartic acid and asparagin in the following list) may furnish the 
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initial molecules whose condensation produces proteids, but this 
is largely speculative. 

The following list illustrates some instructive relationships of 
important and well-known compounds: 

HCOOH, or H— C— OH .... Formic acid. 

0 

CHaCOOH, or HjsC— C— OH . . Acetic acid (the acid in vinegar). 

I 

0 

CH2(NH2)C00H Amido acetic acid. 

COOH 


I 

COOH, or (C00H)3 
CHgCOOH 

CH2COOH . . . 
CH 2 COOH 

CH(NH2)C00H . 
CH2CONH2 
CH(NH2)C00H . 



Oxalic acid. 


Succinic acid. 


Amido succinic acid (the aspartic acid 
in pumpkin seed, beets, etc.). 


Amido succinamic acid (the asparagin 
found in asparagus, in beans and 
peas, and in many seeds when ger- 
minating). 


Benzene. 


Hydroxy benzene, or phenol (carbolic 
acid). 

Amido benzene, or anilin. 

Trihydroxy benzene, or pyrogallol 
(pyrogallic acid). 

Triamido benzene. 

Dipyridyl hexahydrid, or nicotin (the 
alkalpid ft tobacco). 

Morphin (the alkaloid of opium, from 
the poppy). 

Strychnin (the alkaloid of nux vom- 
ica). 

Albumen, or the white of egg. (For- 
mula suggested by Schutzenberger.) 



PLANT FOOD AND PLANT GROWTH 


Zeiiii the most abundant proteid in com {Zea mays), has the 
following composition: 


Carbon . 
Hydrogen 
Oxygen . 
Nitrogen 
Sulfur . 


55.15 per cent. 
7.24 per cent. 
20.77 per cent. 
16.22 per cent. 
.62 per cent. 


According to this analysis, the molecule of zein might be repre- 
sented by the following formula: 

^ 30 ^ 362 ^ 65 ^ 68 ^* 

Ordinary corn contains ii per cent of protein, of which about 
one half consists of the proteid zein. This nitrogenous substance 
has been separated, purified, and investigated with very great care, 
especially by Chittenden and Osborne {American Chemical Journal 
(1891), jj, 453, 529; (1892), 14, -20). The percentage composition 
represents the average of several closely agreeing analyses of what 
was believed to be very pure zein. Based on the percentage of 
sulfur, the molecular weight cannot be less than about 5000, and 
the formula given above or some multiple of it must be approxi- 
mately correct. 

Certainly the proteid molecule is exceedingly complex, and the 
number of different proteids is very large. They all contain 
nitrogen, usually about 16 per cent, and some of them contain 
also sulfur and phosphorus. 

Sulfur. This is an essential element for all plants, but the amount 
required for normal growth and full development is relatively very 
small, even when compared with the small percentage present in 
the earth’s crust. Most proteids (as zein, for example) contain 
sulfur, but the percentage is usually very low. It is present, 
however, in organic combination, and does not give* the ordi- 
nary tests for sulfates, ’the form in which it is usually taken from 
the soil. 

Many of the simpler organic compounds of sulfur are well known, 
and some can be made artificially. The oil of onions and garlic, 
which gives to those plants their peculiar odor and taste, consists 
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chiefly of allyl ‘ sulfid (C3H5)2S; and mustard oil is also composed 
of organic sulfur compounds. 

Phosphorus. Phosphorus .is the Greek word for the morning 
star, and signifies light. The element phosphorus is closely asso- 
ciated with the beginning of all forms of mortal life. The nucleus 
of every living cell in plants and animals is rich in phosphorus. 
Nuclein, the phosphorized nitrogenous constituent of the cell- 
nucleus, contains as high as lo per cent of the element phosphorus, 
although it may contain no sulfur. The following formula has been 
suggested by Miescher for nuclein derived from animal cells: 

^ 29 ^ 49 ^ 22 ^ 9 ^ 3 * 

Lecithin, C44H9QO9NP, is a well-known organic phosphorus com- 
pound, which it is thought may have some controlling influence in 
the formation of fats and oils. Ordinary corn contains about 5 
per cent of oil, of which 1,5 per cent consists of lecithin; that is, 

pounds of lecithin are found in 100 pounds of the oil. 

It should be remembered that, while sulfur is contained in many 
proteids, phosphorus is present in every cell of every plant. The 
' grain or seed of plants contains, as a rule, more than fifty times as 
much phosphorus as sulfur. The phosphorus of the com kernel is 
found largely in the germ. In 1000 pounds of com there are about 
100 pounds of germs containing more than two pounds of the ele- 
ment phosphorus. About 95 per cent of the ash obtained from the 
burning of com consists of the phosphates of potassium and 
magnesium. Hay, straw, and other coarse products usually 
contain more sulfur than the grain, but these coarser parts com- 
monly remain on the farm, while the grain is more likely to be sold. 

^ The raonovalent^lyl group ( — CsHs) differs from the trivalent glyceryl 
(sCaHs) only a double bond, as shown in allyl alcohol and ^ycerin 

(which migh^fl^o be called glyceryl alcohol): 


Allyl alcohol 

Glycerin 

CHa 

CH 2 OH 

II 

1 

CH 

CHOH 

1 

CHjOH 

1 

CHaOH 
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The proteid pf milk, called casein 

has the following composition: 

Carbon .... 

53.30 per cent. 

Hydrogen . . . 

7.07 per cent. 

Oxygen .... 

22.03 per cent. 

Nitrogen . . . 

15.91 per cent. 

Sulfur .... 

.82 per cent. 

Phosphorus . . 

.87 per cent. 


A ton of wheat bran contains about 24 pounds of phosphorus, 
or 1.22 per cent. About 86 per cent of the total phosphorus in 
bran is soluble in water, and, according to Patten and Hart (New 
York State Agricultural Experiment .Station Bulletin 250), this 
water-soluble phosphorus is contained in the salt of an organic 
acid, which is probably’ identical with a compound investigated 
by Postemak, and called by him anhydro-oxymethylene diphos- 
phoric acid, the formula being C2H8P2O9. As determined by Patten 
and Hart, the complex salt of this acid which constitutes the prin- 
cipal phosphorus compound in wheat bran, has the following 
composition, as found by the ultimate analysis of the isolated 
compound: 

Calcium . . ' 1. 13 per cent. 

Potassium 2.60 per cent. 

Magnesium 5.80 per cent. 

Carbon 17.30 per cent. 

Hydrogen 3.63 per cent. 

Phosphorus 16.38 per cent. 

Oxygen (by difference) . . '. 53.16 per cent. 

The free acid was found to contain 10.63 carbon, 

3-38 per cent of hydrogen, and 25.98 per cent of phosphorus, which 
corresponds fairly closely, especially in phosphorus, with the 
theoretical percentages, which any one can compute for the for- 
mula CjH^P^O,. 

The mineral part of animal bone consists largely of tricalcium 
phosphate, Ca8(P04)2, which, when pure, contains 20 per cent of the 
clement phosphorus, as can be easily computed by any one who 
knows the atomic weights. In 100 pounds of raw bone are about 
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10 pounds of phosphorus. The phosphorus required by animals 
must fimt be supplied in the plants that serve as animal foods. 

The percentage of phosphorus in the earth’s crust is small when 
compared with the requirements of plants, especially when we also 
consider that the phosphorus accumulates in the more concen- 
trated and more salable products, as in the seed or grain, and ?ilso 
in the flesh, bone, and milk, of animals. 

Phosphorus is usually taken up by plants in the form of phos- 
phates, but within the plant it enters into organic combination 
as shown above. 

The six elements thus far discussed’ in some detail — carbon, 
oxygen, hydrogen, nitrogen, phosphorus, and sulfur — are all non- 
nietallic. Three of them— oxygen, hydrogen, and nitrogen— are 
gases in the free state, and the other three — carbon, phosphorus, 
and sulfur— are nonmetallic solids. Four other elements are also 
absolutely essential to the growth of all agricultural plants. 

Potassium and magnesium. These are metallic elements which 
have very important functions in plant growth and which are re- 
quired in considerable amounts. Both are stored in the seed in 
relative abundance, and are found in the ash of grains in the form 
of phosphates, although still larger amounts of potassium are 
stored in the coarser parts of plants (as in straw, cornstalks, etc.). 

It is not known that potassium and magnesium are essential 
constituents of protoplasm, but, like nitrogen and phosphorus 
they are found in largest proportions in the embryo tissueg*. It’fe 
suggested that one of their essential functions may be as ckmers of 
nitrogen and phosphorus in the form of definite salts (as nitrates 
and phosphates) capable df reaction with certain products result- 
ing from the fixation of carbon, oxygen, and^ hydrogen. Certainly 
it is not sufficient that phosphorus, for example, shall merely be 
carried in the form of some soluble phosphate into the laboratory 
(the leaf) of the plant, but the compound must be such that the 
metallic base will release the phosphorus at the proper time, in 
’ order that it may enter the organic combination and thus become 
a part of the living orgmiism. , 

It is known that organic ^ids are developed by the plant with 
winch potassium and other has^ carried into the plant in the form 
p nitrates, phosphates, etc., may unite, and do unite,, at some time 
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during the life of the plant; for some of the potasaum that enters 
the plant roots as nitrates/ phosphate, or sulfate is afterward 
found in the plant in organic salts, as tartrate (in grapes), oxalate 
(in sorrel), etc. There appears to be little or no evidence that any 
organic compounds of potassium or magnesium exist. 

It is the common belief that potassium has large influence over 
the formation of carbohydrates; but the information is not suffi- 
cient to determine whether this influence is direct or very indirect, 
as in maintaining the general health of the plant by having some 
absolutely necessary part in reactions involving the transference 
of nitrogen or phosphorus from inorganic compounds to the living 
organic combination. 

The potassium contained in plants is in large part very easily 
removed by leaching with water, and hence peaty swamp soils 
consisting largely of organic matter are frequently very deficient 
in potassium. While potassium and magnesium are required by 
plants in very considerable amounts, as stated, and as shown in 
Table 2, yet, when measured by the average composition of the 
earth’s crust and by average crop requirements, the supply of these 
two elements is very great. 

Calcium and iron. These elements are absolutely essential to 
the normal growth and development of all agricultural plants, 
but for the grain crops the amounts positively necessary are so 
extremely small and the quantities present in the earth’s crust are 
so extremely large that it is rarely that either calcium or iron is 
furnished to such plants in amounts insufficient to perform their 
essential functions, except, of course, when they are artificially 
withheld, as in investigational work. Legume plants are a very 
marked exception, however, so far as calcium is concerned. 

Iron evidently has some important connection, direct or indi- 
rect, with the formation of chlorophyll (the green coloring matter 
of leaves) ; for, if iron is withheld from the plant, the leaves do not 
become green, and if later iron is supplied, the chlorophyll soon 
begins to develop. On the other hand, analysis has shown that the 
chlorophyll itself does not contain irmi, and the somewhat common 
gumption that the green color of plants is due to the presence of 
iron compounds of that color is incorrect. 

The iron heidin nuclein compounds is not dis^l ved out by dilute' 
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hydrochloric add, — a fact which indicates that the iron is a con- 
stituent of the living matter of plants. Animals also have a small 
but absolute requirement for iron. 

Aside from oxygen, iron is the most abundant essential plant- 
food element, constituting about 4} per cent of the solid crust of 
the earth, although the amount required by plants is very insig- 
nificant. Thus, the earth contains more than 40 times as much 
iron as phosphorus, while the corn kernel contains nearly 40 times 
as much phosphorus as iron, so that the supply of phosphorus would 
be depleted as much by the removal of 100 crops as the supply 
of iron would be by 160,000 crops. 

While a very small supply of calcium is of vital importance, 
considerable amounts of that element are commonly taken up and 
deposited in the coarser parts of plants, as in straw, cornstalks, 
and hay, and large supplies of calcium are required for legumes, 
especially for clover anc^alfalfa. This larger use of calcium appears 
to be due, especially in grain crops, to its power as a base to unite 
with organic acids that might otherwise injure the plant; and tKe 
salts formed are commonly deposited, not in the seed or with stored 
food materials, but in the older tissues as inert matter. 

The common use of certain calcium compounds, such as burned 
lime and ground limestone, for correcting soil acidity should not 
be confused with the essential need of the element calcium as plant 
food. Even strongly acid soils often contain abundance of the ele- 
ment calcium for plant food, not in the form of carbonates, but m 
silicates, which, however, have no power to correct soil acidity. 

Aluminum, silicon, sodium, chlorin, and manganese. These 
elements are not known to be essential to plant growth, but they 
are commonly found in plants, although the amount of manganese 
is very small and that of aluminum still smaller. 

The opinion that silicon was essential and gave stiffness to the 
straw of cereals is not correct, and the report that manganese 
exerts a marked stimulating action on plant growth has not been 
verified up(«i more thorough investigation. Sodium is now known 
to be a nonessential, but there is still a possible question regarding 
chlorin. According to Pfeffer, “ it remains for precise researches 
to determine whether a minimal amount is essential, or whether 
chlorin simply favors growth under special cultural conditions.” 
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Common functions. Some common functions may be performed 
by several elements. Thus, if there is need for a base to correct an 
excess of acid that has developed in the plant, sodium may serve 
as well as potassium, although with enough potassium provided, 
no sodium is needed. As already stated, the largest use of calcium 
appears to be in this line, in which, perhaps, manganese, magne- 
sium, or iron might serve equally well if they were present in the 
plant in sufficient amount. Likewise, in solvent compounds, chlorin 
may serve as well as nitrogen or phosphorus, but cannot take their 
place in living tissue. 

We shall also consider in the following pages the value to plants 
of certain materials when applied to certain soils, which serve not 
as plant food, but rather as soil stimulants, having power to liberate 
from the soil some essential plant-food element more rapidly than it 
would otherwise become available— an action that may result in 
temporary profit and ultimate land ruin. Caustic lime, salt, 
gypsum (land-plaster), and, under certain conditions, commercial 
fertilizers, and even farm manure, clover, and green manures, may 
act in part, at least, as soil stimulants; and, to guard against such 
injurious action, practice must be controlled by science (knowl- 
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T^E EARTH’S CRUST 

Nearly 98 per cent of the solid crust of the earth consists of 
silicates of the six metals, aluminum, iron, calciumi, potassium, 
sodium, and magnesium (in this order of relative abundance); 
and the remainder is largely composed of the closely related titan- 
ates. 

Silicon. Silicon in the mineral matter constituting the earth’s 
crust corresponds to carbon in the organic matter of the vegetable 
and animal kingdoms. In all of the great groups of organic com- 
pounds the molecule is built up by the linking power of-the four- 
handed carbon atom, as, for example, in the hydrocarbon, hexane 

W: 

H H H H H H 

I I i I 1 I 

H-C-C-C-C-C— C—H 

I I I I I i 

H H H H H H 

Silicon is the second member of the carbon group ^ in the 
system, as shown on page ii, and its linking power is 'S6r^y 
great, although alternating lyith oxygen and metals and^dstfkied 
mainly to silicates. Thus, instead of the almost unlimited number 
of hydrocarbons, carbohydrates, and other numerous compounds 
of carbon, hydrogen, and oxygen (alcohols, fats, organic acids, etc.), 
there are but four such silico;^ compounds known: SiH 4 , SiO^, 
OSi(OH)3 or HjSiOg, and Si(OH)4 or H4Si04', which differs irom 
silicon dioxid by two molecules of water. 

: ' t A most intetesting compound is SiC, i^licon carbid, so-called carborundum, 
iotmed by the union of the two tetravaifenf elmenis and, next to the duUnond) 5ne 
^jHlthardtet known substances. 
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The nianelous natural polysilicates means many) compos- 
ing gTMiite and most other rocks of the earth’s crust are salts of 
polysilicic acids, although the acids themselves are not known to 
exist free from the basic elements or radicles. The following may 
illustrate a few of the possible combinations, the last three being 
known only in salts in which bases appear in place of the acid 
hydrogen: 

Silicon dioxid, SiOg . . . . 0=Si=0. 

Metasilicic acid, HgSiOg . . 0 = Si = (0H)2. 

Orthosilicic acid, H 4 Si 04 , . (HO )2 = Si = (OH) 2 . 

Disilicic acid, HgSigOg . . . H0-Si=08=Si-0H. 

Polysilicic acid, HiSigOg . {H0)2=Si=02=Si=02=Si=(0H)2. 

Among the most common mineral compounds found in granite 
is ordinary felspar, or orthoclase, or potassium aluminum poly- 
silicate, KAlSigOg, or (KAlSi308)2, whose structural formula may 
be represented thus: 



This is sufficient to illustrate what is meant by polysilicates. 
Other, silicates differ from the common felspar by the substitution 
of other elements for potassium or aluminum or both, and also 
by different proportions of the various constituents, as: 


Orthoclase (potassium felspar) .... KAlSigOg. 

Albite (sodium felspar) NaAlSigOg. 

Anorthite (calcium felspar) . . . . . . CaAlgSigOg. 
Crysolite (magnesium iron silicate) . . . MgFeSiO^. 


In some cases hydroxyl groups are included, and when such com- 
pound are heated, two hydroxyl grouf» are broken, leaving one 
oxygeniatoin in their place, thus yielding water and anhydrous 
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silicate. Silicates from which water can be separated are called 
hydrated silicates or, sometimes, acid silicates: 

Steatite (soapstone) Mg^Si^OigCOHl^. 

Kaolin, (clay) .• • • • Al2Si306(0H)4. 

Commonly, the silicates of the earth’s crust are more or less 
mixed, so that samples of pure compounds are rarely, if ever, 
found in native state. Following are the results of analysis of 
specimens of orthoclase, kaolin, and steatite as found in nature: 


Table 3. Percentage Composition of Silicates 


CoNSTirOENTS 

ORTHOaASE 

(POTASSIDM 

Felspar) 

Kaolin (Clay) 

Steatite 

(Soapstone) 

Potassium 

11.64 

•34 

.27 

Magnesium . . . . . . . 

.04 

.07 

15-43 

Calcium 

.24 

.11 

2.32 

Iron 

trace 

•55 

9-15 

Silicon 

30.89 

22.87 

19.91 

Aluminum 

9.84 

19-59 

3.22 

Sodium 

•93 

•03 

.12 

Water .of hydration 


12.83 

8.4i 

Oxygen, etc 

46.42 

43.61 

4M3 


While the samples of orthoclase and kaolin were fairly pure, the 
steatite contained other metals aggregating almost as much as 
the magnesium. 

Granite and gneiss. These are among the most common rofcks, 
the former being of igneous or ehiptive origin, while gneiss is 
essentially the same material in sedimentary stratified form. 
In other words, when granite has been disintegrated by the action 
of heat and cold, rain and frost, has been transported by wind and 
flowing water, has been redeposited in strata over river bottoms, or 
ocean beds, and has become reformed into compact masses by the 
cementing action of acids, alkalies, or salts, it is then called gneiss. 
Gneiss is one of the oldest stratified rocks, and was formed chiefly 
previous to the beginning of plant or animal life on the earth. 

Granite and gneiss consist principally of the four mineral groups, 
fdspar, hornblende, mica, and quartz. Of these the felspar group 
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has already been discussed. The hornblendes (or amphiboles) in- 
clude certain white or light-colored silicates of calcium and mag- 
nesium, often with fibrous structure, of which common asbestos is a 
good example; also silicates of aluminum, magnesium, and iron, 
of darker colors, green or black. The micas include light-colored 
or transparent potassium aluminum silicates and black silicates of 
aluminum, magnesium, and iron. While the hornblendes are often 
fibrous, the micas, as a rule, are easily split into the well-known mica 
sheets. 

Quartz. Quartz, when pure, is crystallized silicon dioxid (Si02), 
but it is often colored by small amounts of metallic compounds. 
Aside from being a common constituent of granite and gneiss and 
of many other less abundant silicate rocks, quartz is often found in 
rock masses or seams in a nearly pure state. Quartz sand is not 
uncommon, but the opinion that sand and quartz are synonymous 
terms is very incorrect, for sand usually includes very considerable 
amounts of granite or gneiss and other mineral particles. 

The following statement shows the composition of common 
samples of original granite, fresh gneiss, and decomposed gneiss; 
also the percentage of each constituent saved from the fresh gneiss 
and found in the decomposed gneiss, as computed by Merrill,^ 
assuming no loss of aluminum, which indicates a total loss of 44.67 
per cent of the original rock. Tj^ey serve only as illustrations, and 
other samples may vary greatly from these. 


Table 4. Percentage Composition of Rock 


Constituents 

Fresh 

Granite 

Fresh 

Gneiss 

Decomposed 

Gneiss 

Percentage 

Saved 

Phosphorus 

.04 

.11 

.21 1 

100.00 

Pota^ium 

3 - 3 P 

3-54 

.92 

16.48 

Magnesium 

.29 

.64 

.24 

25-30 

Calcium 

1.32 • 

3-17 

trace 

0.00 

Iron . . 

3-34 

6-34 

8.52 

85-65 

Silicon . . 

32-77 

28.49 

21.27 

47-55 

Aluminum 

7.64 

8.94 

14.05 

100,00 

Sodium 

2.90 

2.09 

.16 

4-97 

Water of hydration . , . 

.89 

.62 

13-75 


Oxygen, etc 

47.60 

46.06 

40.88 



* “ Rocks, Rock Weathering, and Soils,” 1897, p. 315. 
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Gneiss may contain constituents not always present in granite, 
because of admixture of other materials in transportation; also 
certain constituents are likely to be lost to some extent in the origi- 
nal disintegration and transportation, and to a great extent in the 
subsequent more complete decomposition, so that often certain 
constituents may show higher percentages in the final residue. 

Zeolites, Zeolites are formed from partially decomposed min- 
erals, like granite and gneiss. They are hydrated double silicates 
of aluminuni with calcium or sodium, and may contain other bases, 
especially potassium. They are credited with' important functions 
in soils to which further reference will be made. 

Shale, kaolin, and clay. These materials consist chiefly of hydrated 
aluminum silicate related to the mineral kaolinite, Al2Si20g(0H)4, 
and representing in part the final residue from the decom- 
position of felspar, hornblendes, micas, etc., from granite, gneiss, 
and other silicate rocks. They may be grouped under the general 
term argillites (from argil, meaning potter’s clay). Slate is the well- 
known roofing material. Shale is the term applied to the more 
thinly stratified formations which disintegrate more or less 
readily when exposed to the weather. Kaolin is common fire clay. 
Ordinary brick clay belongs in the same group, and, in fact, shale 
itself is often ground and used for making brick or tile. . 

Aluminum silicate is the final rgsidue from the disintegration of 
many diflerent rocks, and consequently is itself one of the most 
permanent substances. The oldest records of man have been pre- 
served in burnt clay, both in tablets and in pottery. 

Carbonates. The carbonates include a very important group of 
rocks, although they constitute a small portion of the earth’i 
crust when compared with the silicates. Of the carbonates, tlm 
common limestone, calcium carbonate, CaCOg, is by far the most 
abundant. It is frequently quite impure. Marble is calcium c# 
bonate, mottled or colored with impurities and of sufficiently close 
texture to admit of polishing. The mineral calcite is very pure 
crystallized calcium carbonate, CaCOs. Magnesian limestone (dolo- 
mite) isa doublecarbonateof calcium and magnesium, CaMg(C 08 )a, 
bu^his compound is frequently mixed with calcium carbonate, 
so that varying percentages of calcium and magnesium 
are found m dolomitic limestone. . 
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Most limestone deposits are marine formations, and frequently 
consist largely of shells, but this is not always the case. Small 
amounts of calcium carbonate are found in many other stratified 
rocks. 

Impure limestones containing silicate minerals may lose, by 
weathering and leaching, practically all of the calcium carbonate 
or magnesium carbonate which they originally contained and leave 
a residue free from carbonates, as shown by the following analyses: 


Table 5. Composition of Fresh Limestone and its Residual Clay 


Constituents 

Fresh 

Limestone 

Residual 

Clay 

Percentage 
Saved of Each 
Constituent 

Phosphorus 

1 - 33 % 

I.II% 

10.24% 

Potassium 

.29 

.80 1 

33-63 

Magnesium 

.18 

.16 ' 

10.62 

Calcium 

31-99 

2.79 

1.07 

Iron 

1.64 

1-39 

10.44 

Silicon 

1.94 

15.82 

100.00 

Aluminum 

2.22 

16.03 

88.65 

Sodium 

,12 

•45 

46.74 

Manganese 

3-36 

11.61 

42.41 

Carbonate carbon 

9-30 

none 

none 

Water of hydration 

2.26 

10.76 

— 

Oxygen, etc. . 

45-37 

39.08 



Penrose ^ presents convincing evidence that this peculiar man- 
ganese clay was derived from impure limestone, and Merrill (“Rocks, 
Rock Weathering, and Soils,’^ 1897, pp. 232, 233) computes that 
more than 93,6 per cent of the original rock was lost during the 
processes of decomposition, weathering, and leaching, assuming no 
loss of silicon. While these analyst represent very satisfactorily 
the general r^ults of rock weathering, it must not be assumed 
that the representation is exact in all details. In minor constitu- 
ents the sample of rock taken for analysis may vary greatly from 
the particular rock stratum of wliich the sample of clay was the 
residue, and the loss by leaching of the same constituent may also 
Vary greatly in different rocks. Thus, in the decomposition of the 

^ Arkansas Geological Survey, Annual Report for 1890, p. 179. 
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more common rocks (see Table 4) the loss of potassium and sodium 
is very great, while most of the iron and phosphorus is likely to be 
found in the residue. 

Sulfates. Natural sulfates are confined chiefly to hydrated cal- 
cium sulfate, CaS04(H20)3 or Ca02S(0H)^, containing about 18.6 
per cent of sulfur and more than 20 per cent of water of hydration. 
This is the mineral called gypsum. It occurs in numerous deposits, 
at various depths, and sometimes extends over hundreds of square 
miles, as in northern Ohio. Under the name of land-plaster this 
mineral has been used very extensively in places as a soil stimu- 
lant. Traces of calcium sulfate are found in most limestones and 
in some other rocks. 


SulMs. The sulfids of iron are widely distributed in nature. 
Iron disulfid, FeS,, is commonly known as pyrite, also called 

™i s gold,” because of Its glitter and yellow color. One form of 

iron disulfid decomposes quite readily when exposed to air and 
moisture and yields ferrous sulfate, FeSO„ as one of the products. 

Phosphates. These occur in small amount in connection with 
many other rocks and minerals, principally in the form of calcium 

when'iu **!! ■ tricalcium phosphate, 

phaTe CmH iro'l ““ T'-‘' ?>>“■ 

pnate, Ca,H,(PO.),. or monocalcium phosphate, CaH.fPOJ,. 

ahout.ipercentof phosphorus is found as anaverage.corresDond- 

aa aZ WhS; “I'™ Ph^Ptoe 

quite etnZd TT[‘' ' Per cent; som 

" here such rocks LeZ P^kate. In places 

cium carbonate has been largly Zoltl“bri‘''V"^"''’ T 
remaining porous rock nit,v ^ \ emoved by leaching, so that the 

PkosphaZf eS Z Td : ^ ” P^^ of ‘“o 

compound, Ca,(PO ) \rrpJ} in which the calcium 

brown rock phosph^e) ^ ominates (as in the Tennessee 

pUto TOt, “mm njdm fhos- 
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and of phosphatic limestone show evidence of living organisms 
having been connected with their origin, as in limestone shells 
and bony skeletons. 

Apatite is crystallized calcium phosphate, containing small 
amounts of calcium chlorid or calcium fluorid. This mineral is 
largely found in masses, but traces of it are found in nearly all 
other rocks, whether of igneous or aqueous formation. 

Oxids. Oxids of silicon, iron, and aluminum are more or less 
abundant and distributed almost universally, in quartz (SiOa) and 
quartz sand, in the iron ore, hematite (Fe^Og), and in the aluminum 
ore, bauxite (Al^Og) and (FegOg). 

Other deposits. Various other deposits found naturally in the 
earth, but constituting extremely small percentages of the earth’s 
crust, include common rock salt (NaCl) ; potassium salts, as carnal- 
lite (KClMgCla 6 Efi ) ; and kainit (KaSOiMgSO^MgCla 6 HgO), 
from which potassium chlorid (KCl) and potassium sulfate (K2SO4) , 
respectively, are separated; saltpeter (KNOg), and Chile saltpeter 
or sodium nitrate (NaNOg) ; also the extensive deposits of anthra- 
cite and bituminous coal, the former consisting of nearly pure 
carbon, while the latter contains considerable amounts of hydro- 
carbon compounds in addition to the free carbon. 
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SOIL FORMATIONS AND CLASSIFICATIONS 


Residual soils. Residual soik are those 'that are formed in place 
from the disintegration of rocks. They consist of the least soluble 
decomposition products, which often constitute but a small pro- 
portion of the original rock. Thus a limestone containing 8 o per 
cent of calcium carbonate and 20 per cent of impurities (as poly- 
silicates, etc.) may weather to a soil composed entirely of the im- 
purities from which the calcium carbonate has been completely 
removed by leaching, and the polysilicates may have partially 
broken down into acid silicates, zeolites, clay, oxids of silicon and 
iron, etc. 

Transported soils. These are also formed from disintegrated and 
partially decomposed rock, but instead of remaining in the place 
previously occupied by the rock, they have been transported, and 
often retransported, by various ’^agencies (materials from many 
sources sometimes being mixed together), and finally deposited in 
the places which they now occupy. Wind, water, and glaciers 
are the chief carrying agencies. 

Glacial material (bowlder clay) is characterized by the presence 
of worn or rounded stones, varying in size from sand grains to 
bowlders, embedded in silty clay. While glacial drift covers exten- 
sive areas in northern United States, sometimes to a depth of 100 
feet or more, the glacial material is covered in many areas by a 
deposit of loess, ^ varying in depth from a few inches to several 
feet. 


Loess is characterized in part by the absence of pebbles. It 
consists largely of silt, with some very fine sand and but little clay. 
It has been transported by wind, as a rule, and in places is found in 
high elevations and even overlying residual soils, but in deep loess 
deposits, as in the bluffs along the Mississippi and other large 
streams, evidences are found of some transportation by water. 


^ This word is^teken directly from the German (like sauerkraut) and pronounced 
like /wj, wuh thedips protruded as in whistling. Similarly, the EngUsh word heef^ 
fteak has -been adopted into the German language. 
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Alluvial soils are the common formation in river valleys and other 
lowlands, that receive deposits of material washed from the higher 
lands. 

Soil materials. Soil materials consist of stones, gravel, sand, 
silt, clay, and organic matter. The term clay, as correctly used, 
is applied to the material that gives to certain soils their sticky, 
plastic property, including hydrated aluminum silicate and other 
plastic substances, in part ^reduced probably to the molecular 
state of division and without granular character, although most 
so-called “ clay ” contains more or less undecomposed, or but 
partially decomposed, mineral particles. Silt includes a grade 
of particles that are smaller than sand, impalpable in fact, but 
still granular as seen through the microscope, and not plastic 
when free from clay. 

Soil types. Soil types are based largely upon the relative propor- 
tion of these several soil materials, as may be noted by inspection 
or determined by mechanical analysis. The following general 
groups are recognized: 


Table 6. Soils: General Groups 


Number 

Limits 

Group Names 

Description 

0 to 9 
10 to 12 
13 to 14 

Peat soil . . 
Peaty loam . 
Muck . . . 

With 25 to 75 per cent or more of organic matter. 

10 to 25 per cent of organic matter with- loam. 

10 to 25. per cent of organic matter with much clay. 

IS to 19 
20 to 24 

Clay . . . 
Clay loam . . 

Plastic clay predominating. 

Much clay with loam. 

25 to 49 
50 to 59 

Silt loam . . 
Loam . ^ . 

Much silt with loam. 

Sand, silt, clay, and organic matter with neither 
markedly predominating. 

60 to 79 
80 to 89 

Sandy loam . 
Sand ... 

Much sand with loam. 

Sand without much silt or clay. 

90 to 94 
95 to 97 

Gravelly loam 
Gravel . . . 

Gravel with loam. 

Gravel without much silt or clay. 

98 

99 

Stony loam . 
Rock outcrop 

Stones with loam. 

Disintegrating rock. 
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Table 7. Some Recognized Soil Types 


No. 

Name 

No. 

Name 

I 

Deep peat. 

32 

Light gray silt loam on tight 

2 

Medium peat on day. 


clay. 

2.1 

Medium peat on clayey sand. 

32.1 

White silt loam on tight clay. 

2.2 

Medium peat on sand. 

33 

Gray-red silt loam on tight 

2-3 

Medium peat on rock. 


clay. 

3 

Shallow peat on clay. 

34 

Yellow-gray silt loam. 

3-1 

Shallow peat on clayey sand. 

341 

Yellow-gray silt loam on 

3-2 

Shallow peat on sand. 


tight clay. 


Shallow peat on rock. 

35 

Yellow silt loam. 

10 

Peaty loam on clay. 

35-1 

Yellow silt loam on tight clay. 

10. 1 

Peaty loam on clayey sand. 

35-2 

Yellow silt loam on clay. 

10.2 

Peaty loam on sand. 

35-3 

Yellow silt loam on sand. 

10.3 

Peaty loam on rock. 

35-4 

Yellow silt loam on gravel. 

13 

Muck on clay. 

35-5 

Yellow silt loam on rock. 

13-1 

Muck on clayey sand. 

50 

Black l(j^m. 

I3-2 

Muck on sand. 

50.1 

Black loam on day. 

I3-3 

Muck on rock. 

51 

Brown loam. 

IS 

Drab clay. 

.51-1 

Brown loam on clay. 

iS-i 

Sandy drab clay. 

51-2 

Brown loam on silt. 

iS-2 

Gravelly drab clay. 

513 

Brown loam on sand. 

16 

Gray clay. 

,514 

Brown loam on gravel. 

20 

Black day loam. 

51-5 

Brown loam on rock. 

20.1 

Sandy black clay loam. 

52 

Gray loam. 

20.2 

Gravelly black clay loam. 

53 

Yellow loam. 

21 

Drab clay loam. 

54 

Mixed loam, 

21. 1 

Drab clay loam on sand. 

60 1 

Brown sandy loam. 

22 

Gray day loam. 

60.1 

Brown sandy loam on silt. 

25 

Black silt loam. 

60.2 

Brown sandy loam on sand. 

25.1 

Black silt loam on day. 

60.4 

Brown sandy loam on graYel. 

26 

Brown silt bam. 

60.5 

Brown sandy loam on rock. 

26.1 

Brown silt loam on clay. 

61 

Mixed sandy loam. 

26.2 

Brown silt loam on sand. 

62 

Brown fine sandy loam. 

26.3 

Brown siH loam on till. 

63 

Lighl^rown fine sandy loam. 

26.4 

Brown silt loam on gravel. 

64 

Yellow fine sandy loam. 

26.5 

Brown silt loam on rock. 

65 

Gray fine sandy loam. 

27 

Brown silt loam over gravel. 

80 

River sand. 

28 

Brown -gray silt loam on 

. 81 

Dune sand. 


tight clay. 

82 

Beach sand. 

29 

Drab silt loam. 

90 

Gravelly loam. 

29.1 

Drab silt loam on clay. 

95 

Gravel. 

30 

Gray silt loam on tight clay. 

98 

Stony loam. 

31 

■ Deep gray silt loam. 

99 

Rock outcrop. 
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The soil strata are commonly classed as top soil and subsoil, and 
in the name of a soil type the character of the top soil is indicated, 
and also that of the subsoil if it is peculiar or markedly different 
from the top soil. In the detail soil survey of Illinois conducted 
by the State Experiment Station, which now covers about thirty 
counties, or one third of the state, the preceding soil types have 
been recognized and mapped, and records are kept under the 
numbers and names given. 

The system of numbering (similar to the Dewey library system) 
is flexible, and permits additions of main types or related types 
(by decimals), and the name is designed to carry with it a definite 
suggestion of the character of the soil. 



CHAPTER VI 

SOIL COMPOSITION 
Soils in General 

Aside from the organic matter, any soil material (excepting 
quartz sand, but including granitic sand) will commonly contain 
all of the elements found in ordinary silicate rocks, but, of course, 
in very varying proportions. Soils contain large amounts of silicon 
and much aluminum and sodium, none of which are essential to 
plant growth, also very large amounts of oxygen, an element which 
as plant food is supplied in the carbon dioxid taken into the plant 
through the leaves. This means that about 85 per cent of the solid 
crust of the earth has no value as plant food. This -includes not 
only silicon dioxid (as quartz sand), aluniinum silicate (as pure 
clay), and aluminum sodium polysilicates, but also these elements 
when present in other combinations. 

The remaining abundant elements, iron, calcium, magnesium, 
and potassium, are all essential as plant food. Of these four,, iron is 
the most abundant in the earth and the least abundant in plants, 
and, so far as the writer is aware, soil has never been known to be- 
come deficient in iron as measured by crop requirements. 

Calcium and magnesium are somewhat less abundant than iron, 
and are required by crops in very much larger amounts, and on 
some soils crop yields are appreciably increased by the application 
of one or both of those elements in suitable qpmpounds, but in 
many or most such cases the increase in crop yields is not due to 
the direct effect of the calcium or magnesium as plant food, but 
rather to the indirect effect their compounds may produce in 
increasing the availability of other less abundant plant-food 
elements. 

In the average crust of the earth, potassium is slightly more 
abundant than magnesium but less abundant than iron or calcium. 
Of these four elements, potassium is requir«l by plants in greatest 
s8 
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amount, but nevertheless the total supply of potassium in nearly all 
soils is exceedingly large compared with crop requirements; and, 
while it has a money value in commercial fertilizers and is .quite 
extensively used, there is much evidence to show that on many 
soils the influence which it produces is due in part at least to in- 
direct effects, as in the liberation of other more deficient plant- 
food elements. 

Sulfur and phosphorus are not in the same class with the eight 
abundant elements composing the silicates; and between these two 
elements there are also marked differences, since sulfur is brought 
to the earth in rain in considerable amounts and is also about as 
abundant as phosphorus in the earth’s crust, while crops require 
from three to ten times as much phosphorus as sulfur. 

If we disregard the three elements which agricultural plants ob- 
tain from the air and water (in COg and HgO), as being in large 
measure beyond our control, we may secure a clear conception of 
the relative abundance of the remaining essential plant-food ele- 
ments, based both upon the most original natural supplies and upon 
crop requirements, by a study of Table 8. 


Table 8 . Relative “Supply and Demand” of Seven Elements 


LESSENIIAL PtANT-FOOD ELEMENTS 

Pouiros IN 2 Mil- 
lion OF THE 
Average Crust 
OF THE Earth 

Pounds in 

100 Bushels 

OF Corn ' 
(Grain only) 

Number of 
Years’ Supply 
Indicated 
(See Table 2) 

Phosphorus ....... 

2200 

17 

130 

Potassium 

49200 

19 

2600 

Magnesium* 

48000 

7 

7000 

Calcium 

68800 

li 

55000 

Iron 

88600 

h 

200000 

Sulfur 

2200 

i 

10000 

Nitrogen in air . . " . . . . 

70 million lb. 
over one acre 

100 

700000 


Two milh'on pounds correspond to the weight of thp plowed soil 
of an acre of average land to a depth of 6| inches (counting 300,000 
pounds per acre inch), so that the supply of the plant-food elements 
given in Table 8 is simply what would be contained in an acre of 
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plowed soil if it represented the average composition of the solid 
crust of the earth. Com is the most important American crop, 
and the common farm practice is to retain on the farm the corn- 
stalks (stover), so that the plant food removed in the grain is of 
the greatest consideration. 

While there is probably no cultivated soil whose composition 
is exactly the same as the average of the earth’s crust, and while 
TOO bushels of corn per acre is about four times the average yield 
for the United States, nevertheless the data given in Table 8 pre- 
sent the broadest possible conception of the great problem of soil 
fertility in relation to permanent agriculture; because all soils 
are made essentially from the earth’s crust, and, if some are richer, 
others are certainly poorer, than this general average. Likewise 
the loo-bushel yield of corn is of immediate interest, for it has been 
produced, — and can be produced throughout the com belt in 
normal seasons with good farming on the richest and best-treated 
soils; and the production of large yields is an essential considera- 
tion, both from the standpoint of profitable farming and for the 
future support of a rapidly increasing population. 

There are natural agencies which may operate under different 
conditions to enrich, deplete, or maintain the fertility of the soil. 

In the formation of residual soils from the leaching of disinte- 
grating and decomposing rock materials, as illustrated in Tables 4 
and 5, the percentage of a given plant-food element may increase 
or decrease or remain constant, depending upon whether the 
compound in which that element occurs is proportionately less 
or more soluble than the bulk of the material. Thus in the decom- 
position of gneiss (Table 4), it is evident that the alkali bases, as 
potassium, magnesium, calcium, and sodium, were leached out 
much more rapidly than the iron, aluminum,*" silicon, and phos- 
phorus; and consequently the per cent of phosphorus doubled and 
the per cent of potassium and magnesium markedly decreased, 
while the calcium practically disappeared. On the other hand, in 
the formation of residual clay from limestone (Table 5), the per 
cent of phosphorus decreased distinctly and the per cent of calcium 
very greatly, while most of the elements in the silicate minerals, 
loading potassium and sodium, very markedly increased in per- 
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In level upland areas,' such as the loess-covered prairies of the 
Central West, which neither receive deposits from overflow nor 
lose partially depleted soil by erosion (especially while covered by 
prairie grasses), the operation of the natural laws tends steadily 
toward soil depletion, with respect to the valuable mineral elements; 
and this law has been in operation since the glacial age, or since 
the loess was deposited, wherever the climatic conditions have been 
similar to those prevailing in historic time. Thus we find (as 
hereinafter shown) that the oldest glacial or loessial soils (as in 
the lower Illinoisan glaciation) are markedly poorer in total phos- 
phorus, potassium, magnesium, and calcium than are the simi- 
larly formed soils of more recent formation (as in the late Wiscon- 
sin glaciation). With some elements the difference is most marked 
in the surface soil, and with others in the subsoil. 

The accumulation of organic matter in the glacial or loessial 
soil begins sometime after its deposition and continues until a 
maximum is reached, after which the organic matter, as well as 
the valuable mineral elements, tends to decrease, the latter because 
of leaching, as from the beginning, and the former because the rate 
of decay finally exceeds the rate of growth or accumulation. 
Ultimately, under these natural processes, the level lands would 
become practically barren. All of the level upland soils of southern 
Illinois were far past the maximum in productive power when this 
country Was first settled. Indeed, much of the land of central and 
northern Illinois was past the maximum and tending toward 
depletion. Probably the black clay loam soil of the flat prairie 
lands in the Wisconsin glaciation was almost at its maximum 
condition of productiveness when the White Man took possession, 
but even the soil of this topography (drab silt loam) was far past 
its prime in the lower Illinoisan glaciation. 

In some of the Southern states there are still to be found level 
upland virgin soils that are known, as a class, to be too unproduc- 
tive to justify cultivation. The author has collected representative 
samples of this class of virgin gray silt loam soils that were found 
upon analysis to contain less than 400 pounds of total phosphorus 
in 2 million pounds of surface soil, while the subsoil of adjoining 
moderately productive slopes contained 1500 pounds of phos- 
phorus. The carbonates of calcium and magnesium have entirely 
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disappeared from these level upland soils,- and in their place marked 
acidity has developed. Under these conditions the growth of vege- 
tation and the fixation of nitrogen by legumes become very lim- 
ited, and level virgin soil, not subject to erosion, was found to 
contain less than one Mtb as much as the average nitrogen content 
of the black clay loam of the late Wisconsin glaciation in northern 
Illinois. 

In the progress of geologic time, surface drainage courses are de- 
veloped, and all level uplands become, eroded hills and valleys, thus 
exposing the lower subsoils with their larger supplies of unleached 
mineral plant food, more or less of which is spread out over the 
lower lying slopes -or level bottom lands, which sometimes again 
become depleted, as broad terraces above the deepened channel. 

Thus, moderate soil erosion is not an unmixed evil; and, with no 
adequate return of mineral plant food, the bottom lands and the 
sloping hill lands are more permanently productive (with legumes 
made prominent in the crop rotations) than are the level upland 
soils. It is doubtful if there has ever been a land on the face of the 
earth, where the same soil particles have been turned with the plow 
year after year, that has remained productive for two centuries, 
with no return of mineral plant food. Even in populous China 
there are many level upland areas, sometimes of a hundred square 
miles in extent, where no one lives; and the restoration of these 
areas has been called the “ Problem of China.” 

“ In nature all things are in equilibrium ” is often stated as though 
it were a self-evident fact. So far as the soil is concerned, the oppo- 
site is essentially true, — that, in nature, there is no equilibrium, 
Thus an ancient forest land now lies from lo to 300 feet beneath 
the Illinois black prairie, which covers the unweathered glacial 
drift of the most southern lobe of the Wisconsin glaciation. 

It is of first importance that the man who controls land, and who 
is thus responsible lor its future productive power, should have 
sufficient fundamental knowledge concerning the composition of 
common soils and the plant-food requirements of common staple 
crops to furnish him a foundation of absolute facts on which to 
build possible systems of permanent agriculture. Because of this 
need, considerable space is devoted to the ultimate composition 
of soils as they exist on the earth to-day. 
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First, in comparison with the average composition of the earth’s 
crust, and as a good basis of comparison for all other-soils, let us 
consider the total nitrogen, phosphorus, and potassium in the 
unmanured land on the Rothamsted Experiment Station at Har- 
penden, England. In 2 million pounds (6| inches per acre) of the 
surface soil where a four-year crop rotation of wheg,t, turnips, 
barley, and clover (or beans) has been followed for 60 years, there 
are found, in round numbers, 2500 pounds of nitrogen, 1000 pounds 
of phosphorus, and 35,000 pounds of potassium. These are num- 
bers worth keeping in mind. 

In Table 9 is given the composition of four different soils, of 
which two (from Holland and Scotland) are extremely productive, 
and the other two (from Germany and Maryland) are nonpro- 
ductive soils from barren lands. 

The first is an analysis by Baumhauer of a fertile alluvial soil 
near the Zuider Zee, and the second is Anderson’s analysis of rich 
wheat soil of Midlothian. 

The third analysis, by Johnson, is said to represent “the most 
sterile soil in Bavaria,” and the last, by Veitch, represents the 
“ barrens ” of southern Maryland. 


Table 9. Composition of Soils 
Pounds in 2 Million (per Acre about 6f Inches Deep) 


Plant Food 

Very Productive Soils 

Nonproductive Soils 

Holland 

Alluvium 

Scotland 
Wheat Soil 

German 

Barrens 

Maryland 

Barrens 

Phosphorus 

4100 

3780 

trace 

180 

Potassium 

17040 

5880 

none 

2000 

Magnesium 

1560 

12980 

trace 

840 

Calcium 

58460 

17560 

1380 

580 

bon . . , 

132340 

72420 

22960 

17500 

Sulfur 

7160 

360 (?) 




These analyses are given to show that the supply of plant food 
in the soil is sometimes the great factor of difference between 
productive and nonproductive land; but the fact should not be 
overlooked that in other cases other factors may also be important 
(as excess, or deficiency of moisture, poor physical condition, 
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absence or inactivity of soil organisms, or the presence of injurious 
substances). 

Compared with the average crust of the earth (Table 8), these 
two fertile soils are both characterized by their high phosphorus 
content. The Holland soil is low in magnesium, and the Scotland 
soil is low. in potassium, when compared with the earth’s crust, 
although when compared with the phosphorus supply and with 
crop requirements, a somewhat different view is presented. It is 
fair to raise the question whether the sulfur reported for the 
Scotland soil represents the total or only the nonvolatile, because 
this soil contained more than lo per cent of organic matter, and it 
is now known that most of the sulfur may be lost in the ignition 
of such a soil. 

The analysis of the German soil reports “ insoluble silicates,” 
and probably the amounts given are for plant food soluble in strong 
acid, but Veitch’s analysis* of the Maryland soil represents total 
amounts, determined by the fusion process. It will be seen that 
the Holland soil contains eight times as much potassium, twenty- 
three times as much phosphorus, and a hundred times as much 
calcium as the Maryland soil. 

The first requisite for a good soil is that it shall be rich in plant 
food, but it should always be remembered that that provision 
alone does not insure large crops, nor does a large stock of goods 
in the merchant’s store to-day insure a good business for him 
to-morrow. 

In this connection, we may refer to the analysis of residual clay 
from slightly phosphatic limestone, shown inTable 5, with i.ii per 
cent of phosphorus, which amounts to 22,200 pounds, or more than 
I I tons, of phosphorus per acre in a 6|-inch stratum of 2 million 
pounds’ weight. Other soils abnormally high in phosphorus are 
found in the phosphate regions of Tennessee and Central Ken- 
tucky. Thus, Mooers (Tennessee Bulletin 78) reports the analysis 
of an upland soil and a bottom-land soil, from near Pulaski, Giles 
County, Tennessee, showing 13,200 and 14,800 pounds, respec- 
tively, of phosphorus per acre in a 6|-inch stratum (2 million 
pounds) ; and analyses by Peter and Averitt (Kentucky Bulletin 126) 
show 12,100 pounds and 12,400 pounds of phosphorus in 2 million 
pounds of the surface and subsurface, respectively, of soil from 
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near Midway, Woodford County, Kentucky, and 15,330 pounds 
and 14,800 pounds of phosphorus in 2 million pounds of surface 
soil from two fields nearTebb’s Station, Clark County, Kentucky. 

On the farm of the Kentucky Agricultural Experiment Station 
at Lexington, Fayette County, the surface soil contains 15,000 
pounds of phosphorus per acre in a 6J-inch stratum, and the lower 
subsoil contains 100,000 pounds of phosphorus in 2 million of 
earth. In other words, the lower subsoil between 40 and 80 inches 
contains, as an average, about 5 per cent of the element phosphorus, 
equivalent to 25 per cent of tricalcium phosphate. Notwith- 
standing the occasional existence of such abnormal soils, the 
more common soils even of Kentucky and Tennessee; outside of the 
limestone or phosphate regions, are very deficient in phosphorus. 

Four samples of residual limestone soils from tobacco planta- 
tions about 35 miles southwest of Havana, Cuba, were found to 
cofttain as an average 4790 pounds of acid-soluble phosphorus in 
2 million pounds of soil. (Frear, Penn. Report, 1901.) 

In Table 10 is shown the composition of adobe soil from New 
Mexico and “ the characteristic red earth from the decomposition 
of coralline limestone on the Islands of Bermuda ” (Merrill). 


Table 10. Composition of Adobe and Coral Limestone Soils 
Pounds in 2 Million of Soil (per Acre about Inches Deep) 


COKSmUENTS 

Adobe Soil, 
New Mexico 

Coral Limestone Soil, 
Bermuda Islands 

Phosphorus 

8200 

5400 

Potassium 

28600 

2000 

Magnesium 

35600 

5800 

Calcium 

198800 

50200 

Iron 

71600 

172400 

Sulfur 

5200 , 

— 

Silicon 

419200 

376800 

Aluminum 

139600 

145600 

Sodium 

8800 

. 80 

Chlorin . 

2800 

— 

Manganese 

2000 

— 

Carbonate carbon 

46600 

12300 

Water of hydration 

76800 

324600 

Volatile 

68600 

224200 

Oxygen, etc. 

887600 

680780 
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These abnormal soils are likewise characterized by a high phos- 
phorus content’. The coral soil is also abnormal in its extremely 
low potassium content, when compared with ordinary soils. 

Leather reports the average acid-soluble phosphorus of the 
“ black cotton soils ” of India as 520 pounds in 2 million of soil, 
and the analyses of eighteen other types of Indian soils show the 
phosphorus as varying from a “ trace ” to 790 pounds; while 
among the other four types described by him, one abnormal 
soil (essentially an iron ore) contained 34.10 per cent of iron and 
.28 per cent of phosphorus, corresponding to 5600 pounds of phos- 
phorus per acre in a 6|-inch stratum. 

Von Ugrimov’s analyses ^ of the cultivated “ black earth ” soil 
of southwest Russia shows only 260 pounds of acid-soluble phos- 
phorus in 2 million of soil; while Hilgard ^ gives .13 per cent of 
PgOg, corresponding to 1130 pounds of phosphorus in 2 million of 
cultivated soil, and .14 per cent of P^O^, or 1220 pounds of phos- 
phorus, in 2 million of virgin soil. The fact that the samples se- 
cured upon his request and analyzed by Hilgard showed 5.54 per 
cent of humus in the cultivated soil and only 5.11 per cent in the 
virgin soil, leads one to question whether the sample referred to as 
cultivated soil, containing 4800 pounds of nitrogen, and acid- 
soluble minerals amounting to 1130 pounds of phosphorus, 8600 
of potassium, 9000 pounds of magnesium, and 18,300 of calcium 
(in 2 million of soil), can fairly represent the black earth soil of 
Russia whose average yield of wheat for 20-year periods is less than 
10 bushels per acre in a three-year rotation, including one year of 
green fallow. ( 3 ee Bulletin 42, Bureau of Statistics, United States 
Department of Agriculture.) 

The report of Von Ugrimov’s investigations states that “pot and 
field experiments with wheat, and analyses of the crop produced, 
bear out the chemical analysis in indicating that phosphorus is 
the element of plant food especially needed in this soil” 

Analysis of “ typical soils " of British East Africa shows that 
they are fairly well supplied with nitrogen and potassium, but 
deficient in phosphorus, — “a deficiency which is stated to be 
common throughout East Africa.” ^ 

‘ Experiment Station Record, jp, 1015. * “Sofls,” 3^, 

’Experiment Station Record (1908), fp,. 1615; 
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Investigations by Ingle ^ (as chief chemist for the Transvaal 
Department of Agriculture) showed that analyses of Transvaal 
soils indicate that they are, as compared with English soils, very 
poor in phosphorus, nitrogen, and lime, but usually rich in po- 
tassium.” 

The Massachusetts Experiment Station (Bulletin 117) reports 
the following analysis of soil from Turkey, Asia, the amounts per 
acre being computed for 2 million pounds of surface soil (about 


6f inches deep). 

Nitrogen 06 per cent, or 1 200 pounds per acre. 

Phosphorus “ none ” 

Potassium ..... .51 per cent, or 10,200 pounds per acre. 
Calcium 72 per cent, or 14,400 pounds per acre. 


The 10,200 pounds of acid-soluble potassium is probably much 
below the total potassium present. 

Professor J. B. Harrison has recently reported ® that the soil of 
the Experiment Station Farm in British Guiana, South America, 
contains 43,600 pounds of total potassium in 2 million of soil. 
The amount of phosphorus is not reported. 

In the volcanic ash ejected from Vesuvius during the eruption 
of April 4 and 5, i9o6,Comanducci found .33 per cent of phosphorus 
and 3.87 per cent of potassium, — amounts which correspond to 
6600 pounds of phosphorus and 77,400 pounds of potassium in 
2 million pounds of the volcanic material. 

The surface of the United States may be divided into two areas, 
the glaciated and the unglaciated, as shown on the accompanying 
map. In general, the great ice sheets moved from north to south, 
and as they flowed slowly over the face of the earth, they caused 
enormous erosion of -the surface. The eroded material was carried 
forward in the ice, and much of it was ground to powdered form, 
while k)me was reduced only to the form of rounded bowlders, 
pebbles, and sand grains. This mixture embedded in silt and clay 
is called glacial drift, or till, or bowlder clay. As the ice melted, 
the drift material was deposited, sometimes in moraines, or ridges, 
where for a long period of time the forward movement of the gla- 

* Journal of AgriaMural Science, December, 1908. 

* West Indian Bulletin (1908), p, 9. 
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cier was practically equaled by the rapidity with which the ice 
melted at the terminus, and sometimes over broad inter-morainal 
tracts, where the melting proceeded more rapidly. Many preglacial 
valleys were filled with the drift (in places 300 feet deep), and com- 
monly glacial drift was deposited over the general level of the 
glaciated area to a depth of 10 to 100 feet. 

We are especially interested in four of the important ice sheets 
that occurred during the glacial epoch. Where the drift from the 
first of these was not covered by a subsequent glacier, the area is 
termed the Kansan glaciation; where the drift from the second gla- 
cier was not covered by a subsequent glacier, the area is termed the 
Illinoisan glaciation; where the drift from the third glacier was 
not covered by a subsequent glacier, the area is called the Iowan 
glaciation ; and the area covered by the drift from the fourth glacier 
is termed the Wisconsin glaciation, where not covered by a subse- 
quent glacier. As will be seen from the glacial map, these respective 
areas arc not confined to the states named. 

It should be understood that, notwithstanding the extensive 
glaciated regions, glacial soils are not common in the older glaciated 
areas. The most common soil material between the Alleghanies 
and the Rocky Mountains, and between the Great Lakes and the 
Gulf, is loess. 

Loess is a very fine material ‘ consisting of grains of quartz, 
felspar, mica, hornblende, and other granitic or silicate minerals, 
with more or less limestone, dolomite, magnetite, pyrite, etc., 
and some clay. Loess has been derived in large part from glacial 
drift, having been transported by the action of wind and flowing 
water, probably from deposits of exposed till before it was protecli^ 
by vegetation (and to some extent from the melting or eva^- 
rating glaciers), and deposited over all other soil formations and 
over older glaciated areas. Many of the residual soils in the drift- 
less, or unglaciated, areas in the Mississippi Basin are now covered 
with loess. Even the tops of the Ozark Hills of southern Illinois, 
beyond the most southern point of the glacial lobe, and high above 

* la some places the loess is more or less mixed with the underlying residual 
or glacial materials, through the action of crawfish, burrowing animals, etc., and 
0(:c^onally loess deposits are subsequently covered by mixed alluvial materials, 
which may include sand and gravel with silt, clay, and organic matter. 
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the nearest glacial ridges, are covered with several feet of loess. 
The older glacial drift is usually loess-covered. The depth of loess 
varies from three feet or less in the somewhat recent glaciations, 
and in driftless areas, remote alike from the glacial borders and from 
large stream courses, to eight or ten feet in areas near the borders 
of the greatest glacial action; while in the “deep loess” areas 
covering the bluff lands along some of the large streams the depth 
of loessial material may be from ten to fifty feet or more. 

Some very complete analyses have been made of samples of 
loess from widely separated areas. The results given in Table ii 
are reported by the United States Geological Survey. The first 
three represent loess deposits covering the bluffs at Galena, Illi- 
nois; Vicksburg, Mississippi; and Kansas City, Missouri; while 
the fourth “was taken from the summit of a ridge in the suburbs 
of Dubuque, Iowa, at a point about 300 feet above the Mississippi 
River.” 


Table ii. Composition of Loess Deposits 
Pounds in 2 Million of Loess 


Constituents 

Galena, 

Illinois 

Vicksburg, 

Mississippi 

Kansas City, 
Missouri 

Dubuque, 

Iowa 

Phosphorus .... 

600 

1200 

800 

2000 

IJotassium . . . . . 

34400 

18000 

30600 

35600 

Magnesium .... 

44400 

55000 

13400 

13400 

Calcium 

77200 

128000 

24200 

22800 

Ferric iron .... 

36600 

36600 

45400 

49400 

Ferrous iron .... 

8000 

10400 

1800 

15000 

Sulfur 

800 

1000 

400 

4000 

Silicon 

606800 

569800 

699600 

682600 

Aluminum 

112600 

84200 

129890 

127400 

Sodium 

20000 

17400 

21200 

24200 

Manganese .... 

800 

1^0 

400 

1000 

Titanium 

4800 

6200 

1600 

8600 

Carbonate carbon , . 

34400 

52600 

2600 

2200 

Organic carbon . . . 
Water and organic hy- 

2600 

3800 

2400 

i8oo 

drogen 

41000 j 

22800 

54000 

50000 

<^xygen, etc. . . ! ! 

975000 

991200 

972200 

960(300 
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These analyses show the general range in composition of the 
mineral material constituting the bulk of our most, common, most 
extensive, and most valuable soils, in the central part of the United 
States, both north and south (along the Mississippi Valley), where, 
as a very general rule, the surface is covered by a blanket of loess 
two feet or more in depth. 

In the fresh condition, as in the deeper strata, loess usually 
contains considerable amounts of calcium carbonate and more or 
less magnesium carbonate, as is the case with the samples from 
Galena and Vicksburg, both of which are known to represent strata 
of considerable depth. The Dubuque sample was evidently taken 
from the surface, and this may be the case with the Kansas City 
sample, in both of which the carbonates have evidently been greatly 
reduced by leaching. 

As an average, the phosphorus content amounts to 1150 pounds 
per acre for a stratum of 6| inches (2 million pounds) , including the 
Galena sample, which is decidedly low, and the Dubuque sample, 
which is abnormally high. The average of nine different composite 
samples of subsoils from different places in the deep loess areas in 
Illinois shows iiio pounds of total phosphorus in 2 million pounds 
of loess, the extreme variation being from 740 to 1540 pounds. 
(See Illinois Experiment Station Bulletin 123, pages 288-289.) 

While phosphorus is, in a sense, an incidental substance in loess 
deposits, the element potassium is an important constituent of the 
most common original minerals, and any marked variation in 
potassium content must be accounted for largely by decomposition 
and loss by weathering of the particles, the chief losses having 
occurred probably before the accumulation into the present loessial 
deposits. 

The average of the two northern samples (Galena and Dubuque) 
shows 35,000 p6unds of potassium, while the sample from the south- 
west (Kansas City) shows 30,600 pounds, and the southern loess 
contains only 18,000 pounds of potassium in 2 million. If lo^s is 
derived chiefly from glacial drift, as viewed by the United States 
Geological Survey (38th Monograph, page 159), then it would be 
expected that the southern loe^, transported far from glacial de- 
posits, would be lower in potassium than the northern loess, which 
k^been less exposed to weathering. As an average of the nine 
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composite samples of subsoil from different places in the deep 
loess areas of Illinois, 35,070 pounds of potassium were found in 
2 million of loess. 

In the loess which was not mixed with carbonates, or from which 
most of the carbonates have been removed, presumably by leach- 
ing (Dubuque and Kansas City samples), the total supply of mag- 
nesium and calcium is markedly smaller than the supply of potas- 
sium; but when compared with the average requirements of a 
general crop rotation (see Table 13) the supply of magnesium and 
calcium is still somewhat more ample than that of potassium. 

While the average supplies of sulfur and phosphorus are about 
equal, the requirement for phosphorus is five times as great as for 
sulfur in the total produce of the average crop rotation, and forty 
times as great if the grain only is removed and not returned. 

A partial analysis of loess froih Cheyenne, Wyoming, reported 
by Eakin, shows, in 2 million pounds of loess, 960 pounds of phos- 
phorus, 44,500 of potassium, 14,880 of magnesium, 69,700 of 
calcium, and 20,000 pounds of carbonate carbon. 

It is suggested that most of the carbonates contained in deep 
loess deposits may have a different origin than the silicates, which 
constitute the bulk of the material. In many deep loess deposits, 
pieces of limestone shells (usually of lightweight) are a characteris- 
tic, indicating that a part of the loessial material may have come 
from areas which were at times covered with water and at other 
times dried on the surface and exposed to wind action. Thus, 
while such loess may have been derived from glacial drift, more or 
less of it has had some intermediate resting place where carbonates 
tend to accumulate, as in ponds, shallow lakes, swamp areas, 
bottom lands, or on seepy slopes; and from the dried surfaces of 
such areas much of it has been transported by wind action over 
bluffs and upland plains. It is noteworthy that the broadest deep 
loess deposits along the river bluffs are found where the valley is 
correspondingly wide (Illinois Bulletin 123, page 238). 

The most definite lesson to be drawn from these analyses of this 
most important soil material is, that phosphorus is clearly the most 
limited element of plant food; whereas among the four elen^ents, 
potassium, magnesium, calcium, and sulfur, it is difficult to de- 
tennine which is likely to be the most limited. 
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SOME EASTERN RESIDUAL SOILS 

In Table 12 is given the ultimate chemical composition of residual 
soils derived from ten different geological formations, and as a 
rule the results are the average from several samples of the same 
type of soil. The soils were collected in Maryland, but in most 
cases the same soil types extend into other states and maybe con- 
sidered as more widely representative of these soil formations. 

The soil analyses ^ were made by Mr. F. P. Veitch of the United 
States Department of Agriculture, under the direction of Professor 
Milton Whitney, Chief of the Bureau of Soils, and with the indorse- 
ment of Doctor H. W. Wiley, Chief Chemist of the Department of 
Agriculture. 

In all cases the samples analyzed were taken “ immediately 
under the top soil,” and thus represent the upper stratum of the 
subsoil. The results are given in Table 12 on the basis of pounds 
of the different elements present in 2 million pounds of the soil, 
corresponding approximately to the amounts per acre in a 6 |-inch 
stratum. “ Volatile ” means loss on ignition, and includes organic 
matter, combined water, probably some sulfur, which may be 
oxidized from organic matter or from pyrites, and possibly some 
carbon dioxid (not completely replaceable if derived from magne- 
sium carbonate). Oxygen may be lost or gained during ignition, 
depending upon the compounds of iron, sulfur, etc., the amount 
of organic matter, and the stage to which the ignition is carried. 
The oxygen is estimated by difference, which really includes errors 
and all undetermined elements not otherwise reported. 

It should be kept in mind that sandstone does not mean quartz. 
It means a stone with sand grains cemented together. The sand 
grains may consist of quartz (silicon dioxid), but more commonly 
they are grains of silicate minerals, including much aluminum and 
iron and more or less of the other abundant mineral elements. 
Residual soils resulting from the disintegration, decomposition, 
and leaching of the previous geological formations vary with the 
character of the original rock, and with the loss by leaching. In the 
case of the limestone formations, it is apparent that the residual 
soil consists of impurities contained in the original limestone, the 

‘ Maryland Agric. Expt. Station Bulletin 70. 
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carbonates of calcium and magnesium, which may have con- 
stituted 75 to 90 per cent or more of the original rock, having been 
nearly or completely dissolved out (see Table 5). 

Two striking facts are revealed by the analyses of these ten soils 
from ten, different geological formations: 

1. The amount of phosphorus is very small compared with the 
requirements of large crops for many years, the amount varying 
from 720 pounds in the Gabbro soil to 1500 pounds in the Helder- 
berg limestone soil. Counting 17 pounds of phosphorus for .100 
bushels of com, the 720 pounds would be sufiicient for only 43 
such crops; or, if both grain and stalks are removed from the land 
and if one pound of phosphorus per acre is the yearly loss in drain- 
age water, the 720 pounds is sufficient for only 30 such crops; 
while the best soil contains sufficient total phosphorus, in a 6|- 
inch stratum for only 63 such crops. The average of the ten soils 
shows 1100 pounds of phosphorus in two million pounds of soil, 
or about one half as much as in the average crust of the earth. 

2. The amount of potassium is very large, varying from 20 to 

50 times as much as the phosphorus. The 15,400 pounds of po- 
tassium in 6f acre inches of the poorest soil would be sufficient 
for 100 bushels of corn every year for 800 years, while the 57,400 
pounds in the best soil would suffice for 3000 years, if it could be 
made available as needed and if only the grain were removed. 
If both grain and stalks were removed, these supplies are sufficient 
for 200 and 800 crops, respectively, counting 19 pounds of potas- 
sium for 100 bushels of com and 52 pounds for the stalks for such 
a crop, not including the loss in drainage, which, however, would be 
somewhat greater than for phosphoms. Six of these soils average 
nearly as rich in potassium as the earth’s crust, while the poorest 
soil is about one third as rich. * 

Severed of these soils are less abundantly supplied with mag^- 
sium ahd calcium than with potassium, not only in total amounts, 
but also in comparison with the requirements of some general faapn 
crops. In some cases the soils contain less than one third as i^ch 
magnesium, and less than one fifth as much calcium, as potassram; 
while com contains more than one third as much magnesium as 
potassium, and clover hay contains almost as much calcium as 
potassium, and one fourth as much ma^esium (see Table 13). 
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Table 13. Mineral Plant Food in Wheat, Corn, Oats, and Clover 


Produce 

Phosphorus 

(Pounds) 

Potassium 

(Pounds) 

Magnesium 

(Pounds) 

Calcium 

(Pounds) 

(Pounds) 

Sulfur 

(Pounds) 

Kind 

Amount 

Wheat . . . ■ 

50 bu. 

12 

13 

4 

I.O 

.3 

.1 

Wheat straw , . . 

2 ^ tons 

4 

45 

4 

9-5 

i-S 

2.0 

Com 

100 bu. 

17 

19 

7 

1-3 

■4 

.2 

Com stover . . . 

3 tons 

6 

52 

10 

21.0 

4.8 

S-8 

Oats 

100 bu. 

II 

16 

4 

2.0 

.5 

.6 

Oat straw . . . 

2^ tons 

5 

52 

7 

15.0 

2.8 

3-0 

Clover seed . . . 

4 bu. 

2 

3 

I 

•5 



.1 

Clover hay . . . 

4 tons 

20 

120 

31 

1 1 7.0 

4.0 

6.4 

Total in four crops .... 

77 

320 

68 

168 

14-3 

15.2 


Note the accumulation of phosphorus in the grain and straw and 
compare with potassium and with sulfur; also compare magnesium 
and calcium in this respect. 


OTHER EASTERN SOILS 

By the action of the different agencies of transportation, soil 
particles are often sorted into grades, as clay, silt, sand, and gravel, 
and in addition there are stony loams and other residual soils, and 
the cumulose soils (as peaty soils), which accumulate in swamps 
and bogs and consist largely of plant residues. 

In Table 14 is recorded a valuable series of analyses from the 
Cornell Experiment Station (Roberts’ “ Fertility of the Land,” 
1900, page 13), representing “ the amounts of plant food in surface 
soils in New York State.” 

Table 14. Composition of Surface Soils in New York State 
Pounds in 2 Million (per Acre about 6f Inches Deep) 


Son. Type 

No. OF 
Analyses 

Total 

Nitrogen 

Pounds 

Total 

Phosphorus 

Pounds 

Total 

Potassium 

Pounds 

Clay loam 

II 

2960 

1360 

23490 

Loam 

8 

5480 

1480 

30210 

Sandy loam . . . 

8 

2500 

1440 

32620 

Gravelly loam 

10 

5480 

2170 

26640 

Slaty loam 

I 

3000 

i 1570 

29050 

Leaty soil 

2 

22950 ^ 

1 1800 ‘ 

3280^ ' 


* Amounts in i million poimds. 
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These New York soils are somewhat richer in phosphorus than 
most of the older residual soils, and noticeably richer than the 
average loessial soils of the older formations. 

The ten samples of gravelly loam show an average phosphorus 
content of 2170 pounds in 2 million of soil, which is about the same 
as the average of the earth’s crust. 

With one notable exception these soils are very rich in potassium, 
although not quite equal to the average loessial soils of the com 
belt. 

Two of the common New York soils (loam and gravelly loam) 
exceed 5000 pounds per acre in the nitrogen content of the surface 
6| inches, an amount which represents approximately the average 
of the most abundant prairie soils of the com belt, while the three 
soils, clay loam, sandy loam, and slaty loam, contain about one 
half as much. 

In the peaty soil we find another very abnormal soil type, which 
it is instmctive to compare with the barren soils of Germany and 
Maryland, with the depleted long-cultivated soils of India, Turkey, 
Russia, and Africa, with the coral limestone soil of the Bermuda 
Islands and the limestone soils of Cuba, and with the phosphatic 
soils of Tennessee and Kentucky. The peaty soil contains in a 
6f-inch stratum nearly ten times as much nitrogen, nearly twice as 
much phosphorus, and only one tenth as much potassium as the 
general average of the most common American soils. 

The soil on the Experiment Station farm, at the State College, 
Pennsylvania, contains 2320 pounds of total nitrogen, 1080 pounds 
of acid-soluble phosphorus, mid 5600 pounds of acid-soluble po- 
tassium, in 2 million pounds of the surface soil (Frear, Eenn. Dept. 
Agr. Report, 1906). While most of the phosphorus is usually 
soluble in the acid used (HCl of 1.115 sp. gr.), only about one 
sixth of the total potassium contained in old soils is thus dissolved, 
as a general average, although the proportion varies greatly with 
different types of soil. Doctor Frear has subsequently furnished 
data showing that 2 million pounds of the fine earth in the surface 
soil on the Pennsylvania State College farm contain 50,700 pounds 
of total potassium. 
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SOILS OF THE CENTRAL STATES 

The accompanying soil map of Illinois and Tables 15, 16, and 17 
serve to illustrate in a very trustworthy manner both the uniform- 
ity and variation that may be expected among the most important 
soil types in the North Central States. This detailed information 
from Illinois applies with almost equal value to similar soils in 
many other states. With a north and south extension of nearly 
400 miles in the center of the greatest agricultural region of the 
United States, Illinois occupies a unique position. In latitude it 
reaches almost from Vermont to North Carolina, Cairo being farther 
south than Richmond, and Beloit farther north than Boston. 
Cairo is within 35 miles of the Tennessee line, and 150 miles south 
of Covington, Kentucky. From Cairo to Mobile on the Gulf is 
no farther than from Beloit to the 49th parallel, which marks the 
northern boundary of the United States. The soils of Illinois are 
in large measure representative of the soils of the wheat belt, of 
the com belt, and, in part, of the cotton belt. Cotton growing has 
been a commercial success in southern Illinois, and much spring 
wheat has been produced in the north end of the state, while central 
Illinois is the heart of the com belt. 

Fourteen great soil areas are recognized in Illinois, including the 
extensive unglaciated regions in the southern and northwestern 
parts of the state, the lower, middle, and upper Illinoisan glacia- 
tions, the pre-Iowan and Iowan glaciations, the early and late 
Wisconsin glaciations^ with numerous moraines and intermorainal 
tracts, the deep loess deposits, and the early and late swamp and 
sand areas, and extensive and widely distributed bottom lands and 
terraces. 

A.S already explained, the material called loess constitutes the 
chief basis for nearly all of the upland soils of central United States. 
The principal differences among these soils of loessial origin are due 
to difference in age, topography, and climatic conditions. Some 
additional or subsequent differences have been brought about by 
variation in native vegetation and in systems of farming. 

Prairie and timber soils. The upland soils may be Sivided into 
pairie soils and timber soils, according to the character of the 
onginal y^etation; and with similar topography the difference in 
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vegetation is not due to original differences in the soil materials ; 
but rather the difference between prairie land and timber land is 
due to the influence of the vegetation upon the soil. The existence 
of prairies over areas naturally well surface-drained is due very 
largely, if not entirely, to the prairie fires, which were, as a rule, of 
annual occurrence and often a source of danger to the early settlers 
in prairie regions. 

The annual destruction of any seedlings that may have started 
effectually prevented the growth of forests on the prairie lands, 
and it is noteworthy that level areas or valleys on the northeast 
side of streams were usually timbered, while corresponding areas 
on the southwest were usually prairie, because of the prevailing 
southwest winds during summer and autumn. (See “ Soils of Clay 
County, Illinois.”) Prairie fires have no tendency to run down hill, 
and they make but little progress against the wind. 

The wild prairie grasses and weeds, including native legumes, 
developed an abundant root system to an average depth of 16 to 
20 inches, varying somewhat with the latitude or length of season, 
the depth being greater in the latitude of central Illinois than in 
northern Illinois; and, with the partial decay of these roots, 
• followed the marked accumulation of humus which characterizes 
the “ black soil ” of the prairie; while the smaller amount of humus 
is the chief characteristic of the timber soils. Rotting tree roots 
are subject to very complete decay, because of the large cavities 
and ready admission of air. Boring insects and burrowing animals 
also hasten the destruction, so that the small amount of leaf mold 
that remains constitutes the main source of humus for timber 
soils, and even this is exposed to rapid decay. Being poorer in 
organic matter, the upland timber soils are correspondingly poorer 
in nitrogen than the prairie soils. 

The prairie lands may be classified according to topography, 
as undulating prairies and flat prairies. 

The undulating prairie soil covers the nearly level or gently 
rolling prairie lands that were naturally fairly well surface-drained. 
It is usually markedly uniform in a given formation, and consti- 
tutes the most important soil of the com belt. More or less of the 
clay and finer silt has been carried downward from the surface and 
accumulated in the subsoil, and some has been carried, away by 
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surface washing during many centuries and collected in lower 
lying flat areas. The exposure of the surface after the annual 
prairie fires permitted some slight surface washing which other- 
wise would not have occurred. 

The flat prairie soils occupy the lower lying level areas that were 
naturally poorly surface-drained and inclined to be swampy, espe- 
cially during the wet season of the year. This soil has been formed 
in part from deposits of fine earth and vegetable matter washed in 
from the surrounding higher land. The rank growing swamp 
grasses have, from the partial decay of their roots (and of more or 
less of their tops), added much organic matter to this soil. 

The undulating prairie soils vary from a gray silt loaju on tight 
clay in the older areas, to a dark brown silt loam, in the later forma- 
tions, and the common flat prairie soils vary with age from drab 
silt loam to black clay loam. 

Many other less extensive soil types occur here and there on the 
prairies, including, as extremes, ‘sand dunes formed of wind-blown 
material from old shallow lake beds, gravel points, or exposed glacial 
till, bogs of peat or muck, and sometimes adjoining strips of plastic 
clay. Some intermediate types include deep silt loam, sandy loam, 
silt on clay, etc. These are pf small importance compared with 
the very extensive and most common prairie soils reported in 
Tables 15, 16, and 17. 

There are three principal types of upland timber soils in most of 
the great loess-covered areas. One, a light gray silt loam, occupies 
the flat areas ; a second type, yellow-gray silt loam, covers the 
undulating or gently sloping lands; and the third (yellow silt loam) 
is hilly or steeply sloping and consequently subject to serious ero- 
sion, or surface washing, especially when under cultivation. In 
addition, there are the areas of deep loess (yellow fine sandy loam) 
covering the bluffs in many places along the larger river valleys; 
and other less extensive types are sometimes found. In northern 
Illinois and southern Wisconsin, in what is termed the Iowan 
glaciation, considerable areas are found of a brown sandy loam, 
occupying in the main the Undulating uplands. The top soil con- 
sists of brown sandy loam, containing some gravel in places and 
occasionally pieces of stone. The subsoil at a depth of three feet 
or more frequently contains much stone, the proportion increasing 
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with the depth, the disinte^ating bed rock being found at 4 to 10 
feet beneath the surface. The bed rock and some of the pieces found 
in the soil and subsoil consist of impure limestone. The soil is 
commonly recognized as drift, but it is certainly much modified by 
the residual material, and in places there is but little evidence of 
glacial or loessial deposit. 

Sand, swamp, and bottom lands. In the older formations, as in 
the Illinoisan glaciations and still farther south, the soil of the 
smaller river bottoms is chiefly a deep gray silt loam; while, in the 
more recently formed great soil areas, the principal bottom land 
soil is a brown loam. In both cases the bottom land resembles 
somewhat the top soil of the adjoining upland (which has con- 
tributed much to its formation), modified by additions of humus 
and alluvium from other sources. Many other types of bottom land 
are also found, but usually they are less abundant. 

Extensive swamp regions are found in most of the Northern 
States, especially in Michigan, Wisconsin, and Minnesota, and in 
the northern parts of Ohio, Indiana, Illinois, and Iowa. These 
swamp soils vary almost from pure sand to pure day, and almost 
from 100 per cent mineral matter to 100 per cent organic matter; 
and they also vary from moderately acid soils to marls containing 
more than 50 per cent of calcium carbonate, and not infrequently 
magnesium carbonate is present in sufficient amount to render the 
soil non-productive and place it in the alkali class. These different 
constituents vary quite independently, sand, peat, clay, peaty sand, 
sandy peat, peaty clay or clayey peat (muck), sandy clay, clayey 
sand, loam, sandy loam, day loam, and peaty loam being among the 
possible soil types; and any of these may be acid or may contain 
“ alkali.” In addition we find such variations as deep peat, medium 
peat, and shallow peat, with sand or day or sandy day subsoil. 
In places there are broad, level, and very uniform areas of deep 
peat, of peat on sand, or of nearly pure sand; and in other places 
peat bogs and sand ridges alternate every few rods^ Not infre- 
quently sand dunes (still subject* to more or less wind action) are 
found in or adjoining these swamp re^ons; and in some sections 
there are more extensive sand regions, including considerable 
parts of counties in Ohio, Indiana, Illinois, and Wisconsin, and an 
area of several counties in the north central part of the Ipf fr 
peninsula of Michigan. ” "" 
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In ease of the most important soil types the averages reported 
in Tables 15, 16, and 17 are based upon analyses of- a large number 
of composite soil samples. The two most extensive soil types in 
Illinois are the gray silt loam prairie (330) of the lower Illinoisan 
glaciation (the so-called hard-pan soil of “ Egypt ”), and the 
brown silt loam prairie (1126) of the early Wisconsin glaciation. 

The averages reported for the gray silt loam on tight clay of the 
lower Illinoisan glaciation represent 57 different soil samples. 
In 2 million pounds of the surface soil the potassium (the most 
constant constituent) varied from 23,120 to 26,440 pounds, the 
phosphorus varied from 700 to 1000 pounds, and the nitrogen 
varied from 2140 to 3500 pounds; and in every case the surface, 
subsurface, and subsoil were found to be acid. 

The data reported for the brown silt loam of the early Wisconsin 
glaciation are averages obtained by ’analyzing 90 different samples 
of soil collected in ten different counties, and representing more 
than 500 different borings. In 2 million pounds of the surface soil 
of thistype the potassium varied fr®m3i,98o to 43,100 pounds, the 
phosphorus varied from 980 to 1620 pounds (or, if we disregard 
four samples, from 1020 to 1340 pounds), and the nitrogen varied 
from 3980 to 7520 pounds (or from 3980 to 6340, if we disregard 
two samples). 

The limestone has not been leached out of the early Wisconsin 
brown silt loam to such a depth as in the older gray silt loam. In 
one case limestone was present in the surface of the brown silt 
loam, and in three cases it was found in the subsurface, while it 
was more often present in the subsoil, although in many cases even 
the subsoil was found to be acid, but never to such a degree as is 
common for the subsoils of the older brown silt loams (middle and 
upper Illinoisan, pre-Iowan, and Iowan). 

With unimportant exceptions, all samples of surface, subsur- 
face, and subsoil of the yellow silt loams (and the yellow fine sandy 
loam) of theffhill lands were distinctly acid, the degree varying with 
the age of the soil. 

In the late Wisconsin glaciation both the brown silt loam and 
the ydlow-gray silt loam samples were almost invariably slightly 
acid in the surface and subsurface, but exceedingly well supplied 
with carbonates in the subsoil 
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Table 15. Fertility in Illinois Soils 


Average Pounds per Acre in 2 Million Pounds of Surface Soil (o-6| Inches) * 


Son 

Type 

NO. 

Soil Area or 
Glaciation 

Son, Type 

Total 

Nitro- 

gen 

Total 

Phos- 

I PHOR- 

1 

Total 

POTAS- 

sinu 

Lime- 

stone 

Present 

Lime- 

stone 

Re- 

quired 

Prairie Lands, Undulating 

330 

Lower Illinoisan 

Gray silt loam on 




1 




tight clay 

2880 

840 

24940 


1160 

426 

Middle Illinoisan 

Brown silt loam 

4370 

1170 

32240 


70 

526 

Upper Illinoisan 

Brown silt loam 

4840 

1200 

32940 


70 

626 

Pre-Iowan . . 

Brown silt loam 

4290 

1190 

3534oi 


no 

726 

Iowan . . . 

Brown silt loam 

4910 

1220 

32960' 


90 

1126 

Early Wisconsin 

Brown silt loam 

5050 

1190 

362501 


60 

1026 

Late Wisconsin 

Brown silt loam 

6750 

1410 

45020 


60 

Prairie Lands, Flat 

• 

329 

Lower Elinoisan 

Drab silt loam 

2800 

710 

26260 


1300 

420 

Middle Illinoisan 

Black clay loam 

5410 

1430 

31860 

830 


520 

Upper Illinoisan 

Black clay loam 

6760 

1690 

29770 

30 


1120 

Early Wisconsin 

Black clay loam 

7840 

2030 

35140 

32530 


1220 

Late Wisconsin 

Black clay loam 

8900 

1870 

37370 

980 



Timber Uplands, Rolling or Hilly 


135 

Unglaciated . 

Yellow silt loam 

1890 

950 

31450 


80 

335 

Lower Illinoisan 

Yellow silt loam 

2150 

950 

31^50 


. 310 

435 

Middle Illinoisan 

Yellow silt loam 

1870 

820 

33470 


40 

535 

Upper Elinoisan 

Yellow silt loam 

2010 

840 

34860 


130 

635 

Pre-Iowan . . 

Yellow silt loam 

2390 

850 

37180 


30 

735 

Iowan .... 

Yellow silt loam 

1910 

910 

35780 


30 

1135 

Early Wisconsin 

Yellow silt loam 

1890 

870 

32720 


60 

864 

Deep loess . . 

Yellow fine sandy 
loam . . . 

2170 

960 

35640 


70 


* The numbers given in Table 15 represent the total amount contained in 2 
million pounds of the surface soil on the dry basis, with the exception of deep peat 
swamp soil, for which the amounts in i million pounds are used, because its spe- 
cific gravity is only one half that of ordinary soil, and of sand soil for which aj million 
pounds are used, because it is about one fourth heavier than ordinary soil. 



SOIL COMPOSITION 


83 


Table 15. Fertility in Illinois Soils — 


Son. 

Type 

Son. Akea os 
Glaciation 

Soil Type 

Total 

Nitro- 

gen 

Total 

Phos- 

PHOE- 

Total 

Potas- 

sium 

Lime- 

stone 

Present 

Lime- 

stone 

Re- 





DS 


quired 


Timber Uplands, Undulating 


1034 

Late Wisconsin 

Yellow-gray silt 







loam . . . 

2890 

810 

47600 


40 

760 j 

Iowan ... 

Brown sandy loam 

3070 

850 

26700 


100 


Timber Uplands, Flat 


332 

Lower Illinoisan 

Light gray silt 








loam on tight 
clay ... 

1890 

810 

27280 


450 


Sand, Swamp, andJBottom Lands 


1331 

Old bottom lands 

Deep gray silt 








loam . . . 

3620 

1420 

36360 


440 

1451 

Late bottom lands 

Brown loam . 

4720 

1620 

39970 

2090 


1481 

Sand plains and 








dunes . . . 

Sand soil , . 

1440 

820 

30880 


200 

1401 

Late swamp . 

Deep peat . . 

34880 

i960 

2930 


130 

1415 

Late swamp , 

Drab clay . . 

5760 

1900 

48080 

36300 


1400 

Late swamp , 

Marly peat . . 

20900 

1520 

920 

1278000 



A careful study 0^ the mass of evidence recorded in Tables 15, 
16, and 17 clearly reveals the fact that the most important and most 
extensive areas of Illinois soils are poor in phosphorus. The only 
soils well supplied with phosphorus are the black clay loams, the 
bottom lands, and the clayed peaty swamp soils. On the o^her 
hand, the supply of total potassium is very great in all of the soils 
reported upon, with the exception of the deep peat and the abnor- 
mal marly peat, which are markedly deficient in that element. 

It should be kept in mind that small bodies of peat soil surrounded 
hy normal upland soils rich in potassium are likely to have received 
deposits of silt or clay by oveifiow from time to time, and as a rule 
they are not deficient in potassium, and shallow peat bogs with clay 



54 


SCIENCE AND SOIL 


Table i6. Ferteuty in Illinois Soils 
Average Pounds per Acre in 4 Million Pounds of Subsurface Soil (6f-2olnches) 


Son, 

Type 

No. 

Son. Area or * 
Glacjation 

Son, Type 

Total 

Njteo- 

CEN 

Total 

Phos- 

phor- 

us 

Total 

Potas- 

snTH 

Lime- 

stone 

Present 

Lime- 

stone 

Re- 

quired 

Prairie Lands, Undulating 

330 

Lower Illinoisan 

Gray silt loam on 








tight clay 

3210 

1500 

53570 


6350 

426 

Middle Illinoisan 

Brown silt loam 

5800 

1920 

62590 


no 

526 1 

Upper Illinoisan 

Brown silt loam 

6480 

2090 

64820 


120 

6261 

Pre-Iowan . . 

Brown silt loam 

4650 

2o6d 

72370 


570 

726 

Iowan , . . 

Brown silt loam 

5140 

1940 

66220 


360 

1126 

Early Wisconsin 

Brown silt loam 

6560 

2000 

72780 


90 

1026 

Late Wisconsin . 

Brown silt loam 

6870 

i960 

96420 


150 


Prairie Lands, Flat 


329 

Lower Illinoisan | 

Drab silt loam 

3160 

1230 

54420 


3980 

420 

520 

1120 

1220 

Middle Illinoisan 
Upper Illinoisan 
Early Wisconsin 
Late Wisconsin . 

Black clay loam 
Black clay loam 
Black day loam 
Black day loam 

6180 

7380 

7200 

9100 

2260 

2690 

3090 

2860 

64070 

60760 

71670 

78840 

2940 

70 

49300 

1310 



Timber Uplands, Rolling or Hilly 


13s 

Unglaciated . . 

Yellow sUt loam 

2030 

2120 

67320 


4850 

335 

[ Lower Illinoisan 

Yellow silt loam 

2170 

2000 

67380 


6630 

435 

! Middle Illinoisan 

Yellow silt loam 

ipfo 

1510 

65370 


370 

535 

Upper Illinoisan 

Ydlow silt loam 

1900 

idio 

72570 


2220 

635 

Pre-Iowan . . 

Yellow silt loam 

2290 

1750 

761110 


650 

735 

Iowan .... 

Yellow silt loam 

2120 

i960 

71 


1500 

1135 

Early Wisconsin 

Yellow silt loam 

1870 

1590 

68690 


3910 

B64 

Deep loess . . 

Yellow fine sandy 
loam .... 

2610 

1600 

71760 


830 


Timber Lands, Undulating 


1034 1 

Late Wisconsin . 

Yellow-gray silt 








loam . . . 

27ioi 

1390 

IIIIOO 


340 

760 

Iowan . . . . 

Brown sandy 

1 







loam . . . 

3920 

1590 

54300 





SOIL COMPOSITION 


Table i6. Fertility in Illinois Soils— C on/»««ei 



subsoils are also well supplied with potassium, or may be by deep 
plowing; whereas broad areas of deep peat or of shallow or medium 
peat on sand are as a rule deficient in potassium. 

Most of the older soils (chiefly in southern and western Illinois) 
are markedly acid in the surface and subsurface, and exceedingly 
acid in the subsoil. The rolling or hilly timber uplands and the 
sand soil are very deficient in nitrogen, while the undulating prairie 
l^ds (except in' the late Wisconsin glaciation), the undulating 
timber lands, and even the flat prairie lands in the oldest forma- 
tion, Me only moderately well supplied with nitrogen. The black 
clay loams. (especially in the more recent formations) are rich, and 
the peaty soils exce^ingly^ich, in humus and nitrogen. 

In the main the soils of central and northern Illinois are com- 
parable with^ similar soil types in Indiana and Ohio on the east, 
and with Iowa and eastern Nebraska soils on the west; and the 
soils of southern Illinois are comparable with similar types in 
Missouri and eastern Kansas on the west, and also with the Ioqss- 
covered areas in southern Indiana, Kentucky, Tennessee, and 
northwest M^issippi; while same of the same soil types that are • 
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Table 151 Fertility in Illinois Soils 


Average Pounds per Acre in 6 Million Pounds of Subsoil (20-40 Inches) 


Son, 

Type 

No. 


Soil Area or 
Glaciation 


Son, Type 


Total 

Nitro- 

gen 


Total 

Phos- 

phor- 


Total 

Potas- 

sium 


STONE 

Re- 

quired 


Prairie Lands, Undulating 


330 

Lower Illinoisan 

Gray silt loam on 
tight clay . . 

3240 

2400 

84300 


21580 

426 

526 

626 

726 

1126 

1026 

Middle Illinoisan 
Upper Illinoisan 
Pre-Iowan . . 
Iowan .... 
Early Wisconsin 
Late Wisconsin 

Brown silt loam 
Brown silt loam 
Brown silt loam 
Brown silt loam 
Brown silt loam 
Brown silt loam 

3440 

3440 

3940 

3540 

3420 

3630 

2680 

2790 

3380 

2780 

2620 

2630 

90040 

98580 

102620 

99780 

117880 

160140 

66600 

728000 

200 

460 

1650 

1940 

Prairie Lands, Flat 


329 

Lower Illinoisan 

Drab silt loam 

3400 

1690 

80830 


I 

15770 

4^0 

520 

1120 

1220 

Middle Illinoisan 
Upper Illinoisan 
Early Wisconsin 
Late Wisconsin 

Black clay loam 
Black clay loam 
Black clay loam 
Black clay loam 

3020 

3140 

3490 

3180 

3030 

3640 

3630 

3930 

94900 

96220 

111280 

125370 

149200 
1210 
I I 7500 

5470 



Timber Lands, Rolling or Hilly 


Unglaciated . , 
Lower Illinoisan 
Middle Illinoisan 
Upper Illinoisan 
Pre-Iowan . , 
Iowan .... 
Early Wisconsin 

Yellow silt loam 
Yellow silt loam 
Yellow silt loam 
Yellow silt loam 
Yellow silt loam 
Yellow silt loam 
Yellow silt loam 

1970 

2480 

2820 

2280 

2380 

2490 

2450 

3280 

3170 

2810 

3270 

3400 

3900 

2660 

105430 

99670 
99000 
100950 
102 100 
105030 
103830 


20660 

21500 

3700 

6210 

5480 

3750 

4400 

Deep loess . . 

Yellow fine sandy 
loam . . . ; 

2730 

3320 

105 2 10 


3620 


Timber Uplands, Undulating 


1034 

Late Wisconsin 

Yellow gray silt 





760 

Iowan .... 

loam .... 
Brown sandy 

3240 

24001 

156740 

1034000 



loam . . . . 

4160 

2440 

81 180 

49700 
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Table 17. Fertility in Illinois Continued 


Son- 

Type 

No. 

Soil Area or 
Glaciation 

Soa Type 

! 

Total 

Nitro- 

gen 

Total 

Phos- 

phor- 

us 

Total 
' Potas- 
sium 

Lime- 

stone 

Present 

Lme- 

stone 

Re- 

quired 

Timber Uplands, Flat 

332 

Lower Illinoisan 

Light graysilt loam 
on tight clay. . 

2100 

2230 

90550 


19750 


Sand, Swamp, and Bottom Lands 


1331 

Old bottom lands 

Deep gray silt 



• 





loam .... 

22S0 

2620 

101610 


9060 

1451 

Late bottom lands 

Brown loam . . 

4150 

2410 

I 19520 

4620 


I^l 

Sand plains and 








dunes . . . 

Sand soil . . . 

3100 

2230 

94030 


80 

1401 

Late swamp . . 

Deep peat . . . 

97730 

3740 

11510 


290 


found in the “Great American Bottoms” in southwestern Illinois, 
are found in the Mississippi Delta farther south. 

The terminal moraine of the Wisconsin glaciation extends from 
southern Edgar County, Illinois, to the center of Parke County, 
Indiana, thence in a southeast direction to the north line of Jen- 
nings County, thence northeast to the south line of Fayette County, 
and thence to the southeast comer of Franklin County. 

About two thirds of the state lies north of this line and resembles 
the timber uplands of northeastern Illinois, with a smaller propor- 
tion of prairie lands and considerable areas of swamp, especially 
in the Kankakee river basin. 

South of the terminal moraine the state is largely loess covered, 
and resembles the timber tands of southern Illinois, except for a 
central area of residual soils in Monroe, Lawrence, Martin, Orange, 
Washington, Warrick, DuBois, Crawford, and parts of most 
adjoining counties. 

In the 1907 Report of the Indiana Geological Survey, Mr. 
Robert E. Lyons gives data from which the following table is 
derived; 
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Table i 8. CojcposmoN of Southern Indiana Surface Soils 
Pounds per Acre in 2 Million of Soil (About 6| Inches Deep) 


Sons 

NtIMBER Of 
Analyses 

.Total ' 
Nitrogen 

Acid-soloble 

Phos^rds 

Limestone soil (Residual rolling) . . . 

5 

3080 

1330 

Limestone and shale soil (Residual rolling) 

I 

3660 

4990 

Volusia silt loam (Residual shale, rolling) 

I 

2300 

1160 

Miami silt loam (Loessial, level) . - . . 

I 

1160 

1340 

Waverly silt loam (Stream valleys) . . . 

2 

4450 

2162 

Ohio river bottom land . . . . . . ■* 

I 

1846 

2430 


Aside from the bottom lands, these soils are as ar rule markedly 
acid. The residual soil derived from limestone and shale is rich in 
phosphorus, and the bottom lands are also well supplied with that 
element. Oh the other soils much Commercial fertilizer, chiefly 
bone meal and acid phosphate, is already being used. The upl^d 
silt loams are becoming very deficient in nitrogen and organic 
matter, Two analyses of the shale underlying some of the residual 
soils show an average potassium content of 64,500 pounds and 
only 3000 pounds of total calcium, in 2 million of shale. 

The rolling residual soil drived from shale (Volusia silt loam) 
and the level or gently undulating loessial soil (Miami silt loam) 
are very acid, 

A residual soil of sandstone origin is found in Martin, Lawrence, 
and some adjoining counties. In his discussion of Indiana soil 
types, Mr. Charles W. Shannon makes the following suggestive 
statement: 

Laige amounts of planer dust from the stone mills are being used as a 
lime application on the various soils with good results. The most noted of 
these experiments are in cases where from igpo to 2000 pounds per acre of 
the dust was applied to fields of alfalfa and clover, and as. a result much 
better stan^ were secured than in parts without the lime. This is a cheap 
source of lime for these who have access to the mills.” 

As an average of 21 analyses the Ohio Experimait Station 
(Bulletin 150) finds, in 2 million pounds of the surface soil on the 
Statien farm at Wooster, 1880 pounds of total nitrogen and 920 
pounds of acid-soluble phosphorus; and Ohio Circular No. 79 le- 
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ports data showing 31,000 pounds of total potassium in the -same 
stratum. The average of 161 soils from various parts of Ohio 
shows 960 pounds of acid'Soluble phosphorus in 2 million of soil. 
As a generah average about 85 per cent of the phosphorus in such 
soils is soluble in the acid used, so that the total phosphorus 
probably amounts to about 1100 pounds. 

The average composition of three samples of surface soil from 
the loess-covered uplands at the Missouri Experiment Station at 
Columbia, in central Missouri, shows ;27io pounds of total nitro- 
gen, 690 pounds of total phosphorus, and 28,500 pounds of total 
potassium, in 2 million pounds of soil (Schweitzer, Missouri Bul- 
letin No. 5). These amounts correspond closely with the average 
composition of the most common upland soils of southern Illinois; 
and the more highly productive com belt soils of north central and 
northwest Missouri are more nearly comparable with the brown 
silt loams and black clay loams of the middle Illinoisan glaciation. 

An analysis ^ of the worn upland soil near St. Louis, Missouri, 
shows 1160 pounds of nitrogen, 700 pounds of total phosphorus, 
and 35,200 pounds of potassium in 2 million of soil. This is about 
the average composition of the subsurface soil of the deep loess area 
in Illinois, and indicates previous loss of surface soil by washing. 

Professor Keyser has kindly furnished the author with some 
unpublished data concerning the soils of Nebraska, showing that 
the glacial silt loam of eastern Nebraska, which has been formed 
evidently from the weathering of the till of the Kansan glaciation, 
contains, in 2 million pounds of the surface, 3940 pounds of nitro- 
gen, 660 pounds of total phosphorus, and 23,000 pounds of potas- 
sium; while the ordinary loessial soil representing the most common 
com belt type in the southeast part of the state (and probably of 
northeast Kansas as well) contains 5160 pounds of nitrogen, 1060 
of total phosphorus, and 2g,poo pounds of potassium, correspond- 
ing very closely to the brown silt loams in the loess-covered middle 
and upper Illinoisan glaciation. The common silt loam of the less 
humid region of central Nebraska contains 3680 pounds of nitrogen, 
1520 of phosphoms, and 48,000 of potassium. 

A preliminary general soil survey of Iowa (Stevenson, Iowa 

* Reported by Doctor R. O. Graham, Bloomington, Illinois, as a commercial 
analysis. 
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Bulletin 82) shows five impdrtant soil areas in Iowa, which closely 
resemble similar areas in Illinois. 

(1) About one tier of counties bordering the Mississippi (with a 
western projection which includes most of Cedar, Johnson, Iowa, 
Poweshiek, and Jasper counties) is termed the Mississippi loess 
area, and resembles the loessial soil on the Illinois side. 

(2) Similarly, along the Missouri and Big Sioux rivers the two 
western tiers of counties are chiefly in the Missouri loess area. 

(3) The Kansan glaciation (overlaid with shallow loess on the 
less rolling lands) covers tlie southern third of the remainder of 
Iowa, and this resembles closely the lower Illinoisan, except that 
the older Kansan is more broken and has much more exposed 
till on the eroded hillsides. 

(4) The eastern part of the remainder of the state is covered by 
the Iowan glaciation, and (5) the somewhat larger western part 
by the Wisconsin glaciation, both of which are also found in Illi- 
nois. ■ In both states the Iowan glaciation is characterized by its 
rolling topography and perfect surface drainage, and the Wiscon- 
sin by its level prairies which require much artificial drainage by 
tile and open ditches. 

Eight analyses of Iowan soils, reported to the author by Doctor 
J. B. Weems while professor of agricultural chemistry in the Iowa 
State College, showed 900 pounds of acid-soluble phosphorus in 
2 million of soil, as a general average. The several soil types repre- 
sented varied considerably, however, as would be expected from 
comparison with similar Illinois soils, the highest amount reported 
being 1600 pounds of acid-soluble phosphorus per acre in a 6f-inch 
stratum, corresponding to 1880 pounds of total phosphorus, if 
85 per cent were acid-soluble. (This method of estimating total 
phosphorus from the acid-soluble phosphorus is never safe for 
application to individual soil samples, but it is approximately cor- 
rect for large averages of most common soils of central United 
States.) The acid-soluble potassium (which v^ies from less than 
one sixth of the total in old soils to more than one third of the total 
in more recent, less weathered soils) amounted to 4670 pounds ^ an 
average of the eight soils (the highest being 7800 pounds) in 2 mil- 
lion of surface soil, corresponding probably to 30,000 to 40,000 
pmmds of total potassium. The analysis of loess frmn Pubuqp, 



SOIL eoMPosmoN 91 

Iowa, shows 35,6 cx ) pounds of total potassium in 2 million* (see 
Table ii). 

Since the above was written the author has secured, through the 
kindness of Professor Stevenson, the unpublished data shown in 
Table 18. i which present the a,verage results of from one to six 
analyses of the most important soil types in the great soil areas of 
the state. Professor Stevenson writes: “ The samples are believed 
to represent the most widely distributed type of the respective 
areas. We did not determine total potassium.” (Two. types, the 
uncovered glacial till, and the shallow loess, are included for the 
Kansan area.) 


Table 18. i. Plant Food in Subpace Soils op Iowa 
Pounds per Acre in 2 Million (about 6|-inch Stratum) 


FoRMAnoN OR Soil Area 

Number of 
Analyses 

Total 

Nitrooen 

Pounds 

Total 

Phosphorus 

Pounds 

Kansan glaciation (exposed till) . . . 

3’ 

2380 

860 

Iowan glaciation 

5 

3940 

1160 

Wisconsin glaciation 

I 

7520 

1460 

Loess on Kansan glaciation .... 

6 

3400 

1020 

Mississippi loess 

3 

3100 

1020 

Missouri loess 

10 

4420 

1420 


^ Only two analyses for phosphorus in the Kansan till 


The Kansan drift is the oldest and the poorest in both nitrogen 
and phosphorus, while the Wisconsin is the newest and the richest, 
with the Iowan intermediate in both respects. The Mississippi 
loess and the shallow loess on the less rolling parts of the Kansan 
glaciation are similar in composition and probably of similar origin 
(of the Iowan age), but the Mississippi loess is much deeper and 
of a more rolling topography, which insures a much better subsoil, 
physically, and may also account for the somewhat lower nitrogen 
content of the surface, through loss of organic matter b^ washing, 
The higher phosphorus content of the Missouri loess suggests that 
it owes its origin in part to deposits from the semi-arid plains of the 
northwest, the richer mineral soil having encouraged the more 
recent accumulation of nitn^en. 
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SOILS OF THE SOUTHERN STATES 

The average composition of twelve samples of soil from seven 
different counties in Kentucky outside of the Blue Grass Region 
shows 550 pounds of acid-soluble phosphorus in 2 million pounds 
of surface soil; and within the famous Blue Grass Region the supply 
of acid-soluble phosphorus amounts to 5200 pounds (nearly ten 
times as much) in 2 million of soil, as the average of 30 soil analyses, 
collected from five counties, these residual soils having been formed 
in part at least from the weathering of phosphatic limestone. 

The state of Tennessee may be divided geologically into five 
principal sections: 

(1) The great loess-covered undulating upland area of west 
Tennessee, lying chiefly between the Mississippi and Tennessee 
rivers. 

(2) The Central Basin, including most of ten counties (David- 
son, Trousdale, Jackson, Smith, Wilson, Williamson, Rutherford, 
Bedford, Marshall, andMaury) and parts of several adjoining coun- 
ties. The Central Basin includes much of the great phosphate 
beds of Tennessee. It resembles in some respects the Blue Grass 
region of Kentucky, and by some the Central Basin of Tennessee 
is claimed to be the original home of Kentucky blue grass. 

(3) The Highland Rim, surrounding the Central Basin. 

(4) The Cumberland Plateau, farther east. 

(5) The East Tennessee Valley, lying between the Cumberland 
Plateau and the Unaka Mountains on the eastern border of the^ 
state. 

Table 19 shows the plant food in representative soils of each of 
these great sections, the averages of several soil analyses being 
reported for the more important areas (Mooers, Tennessee Bulletin 
78). 

The average composition of the yellow silt loam soil on the loess- 
covered Okark Hills of southern Illinois shows 1890 pounds .of 
nitrogen, 950 pounds of phosphorus, and 31,450 pounds of potas- 
sium per acre in 2 million pounds of surface soil, which is practi- 
cally the same as for the west Tennessee soil. It may be kept in 
piind, too, that the north line of west Tennessee is only 35 miles 
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Table 19. Composition of Surface Soils of Tennessee 
Average Pounds per Acre in 2 Million of Soil (about 6|-inch Stratum) 


Section ok Area 

Origin of Son, 

Nitrogen 

(Total) 

Phosphorus 

(Total) 

Potassium 

(Total) 

West Tennessee . . 

Loess deposit . . . 

1890 

890 

3'l020 

Highland Rim . . . 

Limestone .... 

2100 

660 

24600 

Central Basin . . . 

Limestone and phos- 
phate 

2350 

, 2030 

I8I60 

Cumberland Plateau . 

Sandstone .... 

1700 

380 

7840 

East Tennessee Valley 

Limestone and dolomite 

2080 

980 

I2I30 

Bottom land . . . 

Alluvial 

2620 

1840 

34160 


from the southern point of Illinois, and that much of the upland 
soil of northwest Mississippi is essentially of the same character. 

It will be noted that the average soil of the Central Basin is 
comparatively rich in phosphorus, while the soils of the Highland 
Rim, and more especially the sandstone soils of the Cumberland 
Plateau, are extremely deficient in phosphorus, and the latter 
is also very poor in potassium, as might be expected from its origin. 

The number of soil analyses entering the averages in Table 18 is 
not sufficient for final data, but in the main they are supported by 
larger numbers of analyses for acid-soluble plant food. Thus, the 
averages of 25 analyses of soils from eight counties in the Central 
Basin show 2020 pounds of acid-soluble phosphorus in 2 million 
of soil, while 700 pounds of phosphorus is the corresponding aver- 
age for 16 analyses of loessial soil from eleven- counties in west 
Tennessee. The acid-soluble phosphorus in the samples whose 
total phosphorus content was determined (and thus afforded for 
use in Table 18) was 1710 pounds for the Central Basin and 750 
pounds for the west Tennessee soil, 84 per cent of the total having 
been dissolved by strong hydrochloric acid, in either case. On 
this basis, the general average of all samples would show 830, 
pounds of total phosphorus for west Tennessee and 2400 pounds 
for the Central Basin, in 2 million pounds of surface soil. 

Hilgard reports the average of 97 analyses of Mississippi soils 
showing 790 pounds of acid-soluble phosphorus in 2 million pounds 
of surface soil, but the more abundant upland soils average about 
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700 pounas, wtiile 4100 pounds of phosphorus per acre (in a 6§-inch 
stratum) have been found in an upland soil of limestone origin. 
The “ black prairie ” limestone soils found in limited area in 
northeastern Mississippi and in northwestern Alabama are as a 
rule well supplied with phosphorus. This formation is apparently 
an extension of that found so commonly in the broad Central Basin 
of Tennessee, which also extends into Kentucky, where it again 
expands into the great Blue Grass Region. 

An analysis made by Doctor H. C. White of a sample of soil 
representing the University farm of Georgia, collected in March, 
1884, from land that “ had been cleared in December (1883), of a 
second growth of oak and hickory,” gave the following amounts 
per acre based upon the surface foot, which was assumed to weigh 
3,528,000 pounds. 


Table 19. i. Composition of Georgia Soil (Ujuversity Farm) 


Plant-food Elements 

Pounds per 

Acre Foot 

Pounds in 

2 Mjuion 

Nitrogen 

3652 

2000 

Phosphorus 

550 

300 

Potassium 

21000 

12000 

Magnesium 

5700 

3200 

Calcium 

7400 

1 4100 

Iron 

29700 

161OO 

Sulfur 

1100 

600 


The original statement reports “ sand and clay,” and it must be 
assumed that the mineral elements as given above represent the 
amounts soluble in strong acid. 

The Texas Experiment Station has analyzed a considerable 
number of soil samples collected to represent six general groups or 
“ series,” as mapped and named by the United States Bureau of 
Soils. The following descriptions are taken from Texas Bulletin 
99(1907); 

'^Norfolk soils. These are light-colored upland sandy soils, with a yellow 
clay or sandy clay subsoil, usually with good drainage, 

“ Of the areas under study, the Norfolk soils are found in Anderson, Houston, 
and Bexar counties. They are widely distributed in the eastern ^rt of the 
State. ^ - 
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“Orangeburg soils. The Orangeburg soils are gray to brown upland 
soils, with a r^ or yellowish day sandy subsoil. The red color of the sub- 
soil distinguishes the Orangeburg soils from the Norfolk soils. The red soils 
appear to be more productive, and are generally str<mger than the correspond- 
ing soils of the NoHoIk series. The Orangeburg soils are widely distributed, 
especially in East Texas. 

“Lufkin soils. The Lufkin soils are gray, with heavy, very impervious 
plastic gray and mottled subsoils. These soils are generally lower in agricul- 
tural value than the Norfolk and Orangeburg soils, perhaps on account of the 
nature of the subsoils. These soUs are found in Houston, Lamar, and Travis 
counties, of the areas studied. 

“Susquehanna series. These are gray and brown surface soils with heavy 
plastic mottled subsoils. They differ from the Lufkin series in the color of sub- 
soil. They are generally of low productiveness^ 

“Houston series. These are black calcareous prairie soils, very productive 
and durable. They are among the best soils of the state. Some of them have 
been in cultivation forty or, fifty years without fertilizer, and though some of 
them have decreased somewhat in fertility, they are still productive. They 
are found, in areas surveyed, in Lamar, Hays, Travis, and Bexar counties. 
They are of general occurrence in the east-central portion of the state. 

“These soils appear to owe their productiveness to their content of lime and 
organic matter, and nitrogen. Some of these soils will become deficient in 
phosphoric acid. 

“ Yazoo soils. These soils are bottom land, generally subject to overflow 
and very productive. . The soils are mapped in only two areas, Anderson and 
Travis counties.” 

The following tabular statement gives the average amounts of 
total nitrogen, acid-soluble phosphorus, and acid-soluble potassium 
in 2 million pounds of the surface soil of these different soil types, 
based upon the analyses reported by Doctor Fraps. 


Table 19.2. Average Composition of Some Texas Soils 
Pounds in 2 Million of Soil 


Conventional Name 

Soa Type 

Total 

Nitro- 

Actd- 

SOLUBLE 

Phos- 

phorus 

Acid- 

Soluble 

Potas- 

, HUM 

Norfolk soils . . 

Light sandy upland .... 

1000 

180 

2000 

Orangeburg soils . 

Gray-brown sandy upland . . 

1200 

440 

6200 

Lufkin soils . . 

Gray silt loam on tight clay . . 

1000 

180 

1800 

Susquehanna series 

Gray-brown silt loam on tight clay 

1400 

260 

3700 

Houston series 

Black prairie 

2800 

530 

5600 

Yazoo soils . . . 

Bottom land 

1 1600 

960 

-6700 
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With the exception of the bottom land, these soils are extremely 
poor in phosphorus; and, aside from the black prairie, they are 
also very poor in nitrogen. 

Hilgard reports 940 pounds of acid-soluble phosphorus in 2 
million pounds of Louisiana soil, as an average of 35 analyses. 
The Geological Survey of Louisiana has furnished the data for 
the following statement, showing the total nitrogen, acid-soluble 
phosphorus, and acid-soluble potassium in 8 surface soils and 2 
subsoils in Madison Parish, opposite Vicksburg. These are all 
alluvial soils deposited from the overflow of the Mississippi River. 


Table 19.3. Composition of Louisiana Soils in Madison Pamsh 
Pounds in 2 Million of Soil 


DEsctoTiON OF Soil 


1 Acid-soluble 

Nitrogen 

Phosphorus 

Potassium 

Black soil on buckshot clay; virgin swamp, 
but good land when cleared 

3986 

1450 

6562 

Subsoil of same type 

1286 

1044 

4976 

Dark gray soil on buckshot clay; once swamp; 
cultivated 9 years 

3334 

1174 

5466 

Subsoil of same 

950 

928 

3570 

Dark gray clay; virgin soil; wooded swamp; 
overflow land* 

2286 

2000 

8412 

Black waxy soil on dark gray clay; very fer- 
tile when thoroughly drained; ij to 2 
bales of cotton per acre 

2456 

2024 

5134 

Black soil on buckshot clay 

2662 

1760 

4748 

Brown silty loam; old land 

Brown sandy loam; cultivated 50 years . . 

1562 

1234 

5084 

1244 

1474 

4100 

Light brown sandy loam; once productive, 
but now worn out for com and cotton . 

1306 

1206 

3806 


In phosphorus content these soils resemble the late bottom lands 
of Illinois, but the nitrogen content is, as a rule, much lower in the 
Louisiana soils, and extremely low in the old, worn soils. 

It may be mentioned here that the Mississippi Experiment 
Station has conducted some field experiments on delta lands, 
concerning which the following is reported in Mississippi Bulletin 
119: 
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“The land on which the tests were made had been cropped in cotton for 
many years. A part of it is loam soil and is well drained. A test was also 
made on stiff buckshot land.” 

“The average increase from 300 pounds of high grade cotton seed meal 
per acre for the three years (1906-8) has been 106 pounds of lint cotton. 
We have not been able to increase the size of the crop nor its earliness by 
the use of either phosphorus or potash.” 

“ The increase from the application of 300 pounds of cotton seed meal to 
the stiff buckshot land was 36 pounds of lint cotton per acre. This is not 
sufficient to make the use of the meal profitable on this character of land.” 

As an average of 38 analyses of Arkansas soils, Hilgard gives 
1400 pounds of acid-soluble phosphorus in 2 million of soil, sug- 
gesting bottom-land soils or some connection with the phosphate 
deposits of that state. 


SOILS OF THE NORTHERN STATES 

In the northern tier of states, where the soils are of more recent 
origin and where the climate of winter offers less exposure to weath- 
ering and leaching, the normal soils are, as a rule, richer in mineral 
plant food, as is indicated, for example, by comparing the soils of 
the late Wisconsin glaciation in northern Illinois with similar 
types in the older middle Illinoisan glaciation. Of course, the up- 
land timber soils are not comparable in nitrogen content with the 
black prairie soils. 

The late Doctor Robert C. Kedsie, one of the few great scientists 
who, with Doctor E. W. Hilgard and Doctor S. W. Johnson, helped 
to lay firm foundations for the American Agricultural Experiment 
Stations, reported analyses of 28 Michigan soils grouped in accord- 
ance with a general survey or classification of the soils of that 
state (Michigan Bulletin 99) : 

1. The four southern tiers of counties are classed as theMichigan 
“wheat belt.” 

2. The area along the eastern shore of Lake Michigan, including 
especially the light porous soils upon which peaches of the finest 
quality are extensively produced, is termed the “ peach belt.” 

3. Several counties in the Traverse Bay region, includmg much 
soil of the sandy-loam type, constitute the “ potato district.” 
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4. The large tract of light, sandy lands in the north-central part 
of the Lower Peninsula is called the “ Jack Pine Plains.” 

5. The peaty swamp soils, used especially for the growing of 
celery, peppermint, etc., are so designated. 

In Table 20 is given the average composition of the soils from 
each of these sections. The nitrogen reported is total, but the data 
for phosphorus and potassium represent only -the amount soluble 
in acids, probably much stronger, however, than now commonly 
used. The amount closely approaches the total in case of phos- 
phorus, but probably represents less than one half of the total 
potassium actually present in the soil. (A larger proportion of the 
total potassium present in the newer, less-weathered soils is soluble 
in acid than of the total potassium in the older leached soils found 
in the states farther south.) 


Table 20. Average Composition of Some Michigan Soils 
Pounds per Acre in 2 Million of Soil (about 6 j Inches) 


Area 

Som Section 

Nitrogen 

(Total) 

Aao- 

SOLUBLE 

Phosphorus 

Acid- 

Soluble 

Potassium 

(i) Southern Michigan 

Wheat belt . . 

4600 

3600 

27360 

(2) Lake shore region . . 

Peach belt . . 

i860 

2330 

22600 

(3) Traverse Bay region . 

Potato district . 

1260 

1520 

16400 

(4) North-central tract . . 

Jack Pine Plains 

740 

290 

4600 

(5) Swamp areas .... 

Deep peat ^ . . 

22000 

2980 

2660 


‘ The amounts given for deep peat represent the plant food in i million pounds 
of the material, the specific gravity of which is about one half that of ordinary soils. 


These striking and valuable results -obtained in a very prelimi- 
nary general survey of Michigan soils clearly indicate the much 
greater possible value of an extended and detailed investigation of 
the soils of the state. The high phosphorus content of theMichigan 
soils, especially of the great area of the wheat belt (3600 pounds), 
is in marked contrast, not only with the extremely low phos^orus 
content of the Jack Pine Plains .(290 pounds, — less tlfSi one 
tmtK as much), but also with the small supply of pho^horus in 
the common upland soils of southern Illinois, centra! Missouri, 
and the western parts of Kentucky, Tennessee, and other southern 
states. 
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In commentuig on his study of Michigan soils, Doctor Kedsie 

said: 

“Chemical analysis of the soil is of value in determining whether the soil is 
capable of fertility or the contrary; also in determining the measure of its 
possible fertility} There are certain ash elements which are absolutely nec- 
essary for plant growth, in the absence of any one of which vegetable growth 
is impossible; if the supply is relatively limited, plant growth will be limited 
correspondingly. Hence, chemical analysis of a soil is of importance in deter- 
mining possibility of fertility and of the relative fertility which may be secured 
under favorable conditions. . . . Chemical analysis will not always dis- 
tinguish between a fruitful and an unfruitful soil. A soil may be unproductive 
for physical reasons, though it may still contain all the chemical elements of 
fertility. ” 

The Michigan wheat-belt soils include several different soil types, 
but among the nine soil samples analyzed from that area, the poor- 
est contained 2600 pounds of acid-soluble phosphorus, or 500 pounds 
more than the average of the best Illinois soil. More than four 
times as much phosphorus is contained in the average Michigan 
wheat-belt soil (when these samples were taken) as is now con- 
tained in the common soils of southern Illinois. 

A preliminary general survey of Wisconsin soils (Whitson, 
Wisconsin Agricultural Experiment Station, Annual Report for 
1905, pages 262-270) outlines seven different great soil areas in 
that state: 

(1) The unglaciated area of the southwest quarter (extending 
into northwestern Illinois) with three subdivisions in which residual 
sands, sandy loams, and clay loams, respectively, predominate; 
(2) the early, and (3) the late glaciatiqns (each in two divisions based 
upon the underlying rocks), occupying largely the remaining 
three fourths of the state, and covered with glacial till, with little 
or no loess deposit; (4) separated sand areas of glacial origin, as 
in the south-central, extreme northern, and northwest parts of the 
state; (5) a loessial area covering a strip of upland along the 
Mississippi; (6) “red clay” areas of lacustrine origin between 
Green Bay and Lake Winnebago and on the Lake Superior shore^ 
and (7) the scattered swamps of muck and peat. 

But few analyses of Wisconsin soi|| have been reported. Ah 

* Italics by C. G, H. 
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ultimate analysis of virgin soil from the Wisconsin Experiment 
Station Farm at Madison, in the late glaciation, shows 3600 pounds 
of nitrogen, 1500 pounds of phosphorus, and 36,300 pounds of 
potassium, in 2 million pounds of surface soil. Where the same soil 
had been heavily cropped in pot cultures (19 crops having been 
removed) the nitrogen was reduced to 2200 pounds and the phos- 
phorus to 1140 pounds, with no determinable change in total 
potassium content. The analysis of another soil from the late 
glaciation from northern Outagamie County showed 1400 pounds 
of nitrogen and 2380 pounds of acid-soluble phosphorus. This 
glaciation Professor Whitson regards as the best soil area in the 
state. 

Residual sand from Jackson County contained 1000 pounds of 
nitrogen, 870 of phosphorus, and 5100 of potassium in 2 
million of surface soil, and the glacial sand from Vilas County con- 
tained 1000 pounds of nitrogen, 1580 pounds of phosphorus, and 
30,000 pounds of potassium, indicating that the residual sand is 
more largely quartz, while the glacial sand consists chiefly of sili- 
cate minerals. (Compare with Tennessee soils.) 

Red clay from Ashland County contained 1400 pounds of acid- 
soluble phosphorus in 2 million of soil; and peaty swamp soil from 
Sauk County contained 32,000 of nitrogen, 1230 pounds of acid- 
soluble phosphorus, and only propounds of acid-soluble potassium, 
in I million pounds of the surface soil. 

The acid-soluble plant food has been determined in many Minne- 
sota soils (Snyder, Miimesota .Bulletin 41), and a few analyses are 
reported showing the total plant food in representative soils. 

The average prairie soil of the Red River Valley in northwestern 
Minnesota contains 8200 pounds of nitrogen, 3340 pounds of phos- 
phorus, and 45,100 pounds of potassium in the surface 2 million 
pounds; and the average prairie soil in west-central Minnesota 
contains 5300 pounds of nitrogen, 1760 pounds of phosphorus, 
and 63,300 pounds of potassium. A general average for the soils 
of the east-central part of the state is 5600 pounds of nitrogen, 
2460 pounds of phosphorus, and 29,000 pounds of total potassium; 
while the average southeastern Minnesota soils contain 4400 
pounds of nitrogen, 1910 pdlinds of phosphorus, and 30,200 pounds 
of potassium, in 2 million pounds of surface. 
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From the general glacial map of the United States it will be 
seen that southeastern Minnesota lies in the older Iowan glaciation, 
while most of the remainder of the state is covered by the late 
Wisconsin glaciation. This may account for the marked difference 
in potassium content between the soils of eastern and western 
Minnesota. (See also Tables 15, 16, and 17 for a comparison of 
these areas in Illinois.) It will be noted that the Red River basin 
lies within the boundaries of the old glacial lake, “ Agassiz.” (See 
also Canadian soils.) 

The analysis of a sample composed of equal parts of two hundred 
representative soils from various parts of Minnesota showed 2360 
pouifds of acid-soluble phosphorus in 2 million of soil. 

SOILS OF THE WESTERN STATES 

The soils of the arid plains are, as a rule, rich in mineral plant food 
and poor in nitrogen, doubtless due to the fact that with but little 
rainfall there has been practically no loss of minerals by leaching, 
and but small accumulation of vegetable matter, in which the 
supply of nitrogen is contained. Headden (Colorado Bulletin 65) 
reports ultimate analyses of four Colorado soils, showing as an aver- 
age 2900 pounds of phosphorus and 39,500 pounds of potassium; 
but the average of six soils shows only 2000 pounds of nitrogen, 
in 2 million of surface soil. Widtsoe (Utah Bulletin 52) shows 37 
analyses of Utah soils averaging 1850 pounds of acid-soluble phos- 
phorus and 2450 pounds of total nitrogen, in 2 million of soil, in 
the most fertile valleys. On the arid plains the supply of nitrogen 
is usually very much less. Doctor Widtsoe states that he, “in 
common with those who have traversed the wastes of western 
America, has traveled for days without seeing a trace of vegeta- 
tion, and such soils are almost devoid of organic matter and humus, 
and contain but small quantities of nitrogen.” Hilgard gives 600 
pounds of total nitrogen and 2000 pounds of acid-soluble phosphorus 
in 2 million of soil, as the average of 16 analyses of the arid soils of 
Colorado. As a rule, the soils of the arid region contain about 3 
per cent of lime (CaCOg), or 30 tons of calcium carbonate in 2 
million pounds of soil; and the Utah Station reports 18 soil analyses 
from one county, containing as an average more than 20 per cent 
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of calcium carbonate corresponding to 200 tons per acre to a depth 
of 6| inches. 

For 2 million pounds of surface ^il, Hilgard’s “Soils’* gives the 
/following amounts of acid-soluble phosphorus as the average of 
many analyses^ Nevada, 2800; Wyoming, 1570; Montana, 1920; 
. Idaho, 1400. Mr. E. E. Hoskins, while a student in the University 
of Illinois, analyzed a sample said to represent good “ bench ” 
land near Boise City, Idaho, finding 2350 pounds of nitrogen, 1320 
of total phosphorus, and 41,400 pounds of potassium, in '2 million 
of soil. 

In the Pacific coast states, Hilgard reports (as acid-soluble) 
1830 pounds of phosphorus and 10,790 of potassium for Washing- 
ton, 960 of phosphorus and 8960 of potassium for Oregon, in 2 
million pounds of surface soil; also 2800 pounds of total nitrogen, 
875 of acid-soluble phosphorus, and 10,100 pounds of acid-soluble 
potassium, in 2 million pounds of the surface soils of Califomia, 
as an average of 262 analyses. 

THE SOILS OF CANADA 

It will be kept in mind, of course, that Canada comprises an 
Immense territory (3,300,000 square miles, compared with 

3.600.000 square miles in the United States, including nearly 

600.000 square miles in Alaska) and includes vast areas that pe 
uninhabited, and in part uninhabitable, although the more fav#ed 
regions are sufficiently extensive ultimately to support a jffighty 
nation. 

The Canadian Agricultural Experiment Station (known officidly 
as the Dominion Experimental Farms, with headquarto^at 
Ottawa) has made analyses of Canadian soils collected froDwfen- 
couver Island on the west to Nova Scotia on the east. Perhaps 
the most complete investigation has been made of the valley lands 
and Piedmont soils of British Columbia. In general, th^e soil 
investigations have been-conducted with reference to uncultivated 
lands or lands put under cultivation in recent, years. They do not 
represent the comparatively small areas of Canadian soil that have 
beai long cultivated, some of which has already been much de- 
pl^ed or much fertilized. The samples have beai. collected with 
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sufficient purpose, method, and discrimination to give much im- 
portance to the results, which are summarized as follows: 


Table 20.1. Composition of Canadian Surface Soils 
Pounds per Acre in 2,Million of Soil (about 6f Inches) 


Number of 
Samples 
Analyzed 

Canadlan Province 

Total 

Nitrogen 

Acid-Soluble 

Phosphorus 

Potassium 

Calcium 

21 

British Columbia .... 

5240 

2360 

6970 

16700 

6 

Northwest Territory . . . 

9180 

1520 

5670 

4130 

r 

Manitoba • 

20100 

2530 

17100 

27000 

6 

Quebec 

4520 

1750 

7300 

7400 

6 

Ontario (Muscoka only) . 

2700 

1250 

3650 

6300 

S 

Maritime Provinces . . . 

2600 

960 

7300 

1570 


In referring to the averages represented in this tabular state- 
ment, Professor Frank T. Shutt (Chief Chemist for the Dominion 
Experimental Farms since 1887) says: 

“They are not provincial averages; they are rather averages from large 
untilled areas in the several provinces, and may therefore serve to indicate 
the general character of much of the yet unoccupied lands of Canada." (Do' 
minion Experimental Farms Reports, 1897, page 169.) 

A Study of the details shows much variation, but in the main 
these are counterbalanced so that the averages have much meaning. 
Professor "Shutt states that the one sample from Manitoba “ repre- 
sents the unfertilized and uncropped prairie soil of the Red River 
Valley, Manitoba,” and adds: 

“It was taken from section 31, township 4, range i west. The uniformity 
in character of the soil over a very large area in Manitoba makes the data here 
presented of more than ordinary importance. " 

“We may safely conclude that there is here ample scientific proof of the well- 
nigh inexhaustible stores of plant food, and that this prairie land, as regards 
the elements of fertility, ranks with the richest of known soils. " 

Doctor George M. Dawson, Director of the Geological Survey of 
Canada, is quoted as follows: 

“Of the alluvial prairie of the Red River much has already been said, and 
the uniform fertility of its soil cannot be exaggerated. . . . The area of this 
lowest prairie has b^n approximately stated as 6900 square miles. " 
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. Of course, these averages from the various Canadian provinces 
must be considered as tentative and very preliminary, but they 
must also be accepted as giving a reasonably correct general view 
of the invoice of soil fertility in the most extensive types of soil 
in those sections. Some other analyses made in part in connection 
with special investigations are discussed in another place. 

Review of Soil Composition 

A general summary of the mass of evidence contained in the 
preceding pages concerning the composition of soils clearly sets 
forth a number of definite and assured facts bearing significant rela- 
tions to systems of permanent agriculture. One of these most 
clearly established facts is that potassium as an element of plant 
food belongs in the class with calcium and magnesium rather than 
with phosphorus and nitrogen. In all normal soils the supply of 
potassium is enormous. Thus, as an average of the Maryland soils 
reported in Table 12, representing ten different geological forma- 
tions, more or less abundant in most of the Atlantic states, we find 
37,860 pounds of potassium and only 14,080 pounds of magnesium, 
7840 pounds of calcium, and 1100 pounds of phosphorus, in 2 
million pounds of soil. 

Measured by the total requirements of approximately maximum 
crops in a rotation of wheat, com, oats, and clover (Table 13), the 
potassium is sufficient for 473 years, the magnesium for 828 years, 
and the calcium for 187 years; while the total phosphorus is suffi- 
cient for the same crops for only 57 years. If we consider the plant 
food removed in the grain alone, assuming that the coarse products ^ 
will remain on the farm, and also disregard the one abnormal mag- 
nesium soil (from serpentine), the relative plant-food supply is 
represented by 105 years for phosphoms, 3060 years for potassium, 
2828 years for magnesium, and 6970 years for calcium. 

The complete analyses of the loess deposits at Dubuque, Iowa, 
and Kansas City, Missouri, which contain only moderate amounts 
of carbonates, show, as an average, 33,100 pounds of potassium, 
13,400 pounds of magnesium, 23,500 pounds of calcium, and 1400 
pounds of phosphorus, in 2 million of loess. 

In the following summary are reported the total phosphorus. 
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total potassium, total magnesium, and total calcium in the surface 
soil of the five most extensive soil types of Illinois. 


Table 20.2. Certain Plant-food Elements in Illinois Surface Soils 
Pounds per Acre in 2 Million of Soil (about Inches) 


Son, 

Type 

No. 

Soil Area 

OR Glaoation 

Son, Type 

Phos- 

phorus 

(Total) 

Potas- 

sium 

(Total) 

Magne- 

sium 

(Total) 

CALaUM 

(Total) 

135 

Unglaciated . 

Yellow silt loam 

950 

31450 

7220 

5340 

330 

Lower Illinoisan 

Gray silt loam 

840 

24940 

6740 

14660 

426 

Middle Illinoisan 

Brown silt loam 

1170 

32240 

8800 

15940 

526 

Upper Illinoisan 

Brown silt loam 

1200 

32940 

8340 

19220 

1126 

Early Wisconsin 

Brown silt loam 

1190 

36250 

9400 

1 1 120 

General average 

1070 

31560 

8100 

13260 

Number of years’ supply: 





(tt) For total crops . 


56 

395 

476 

316 

( 6 ) For grain cinly . 


102 

2475 

202^ 

11780 


It should be kept in mind that these data are based upon the 
average composition of many soil samples from every type, and 
that these are widely representative of the most extensive and 
important soil types in the Central states. They signify determined 
facts. As a general average of these soils, potassium is better 
supplied than magnesium for grain farming (in which all coarse 
products are returned to the land), and potassium is better sup- 
plied than calcium for a system in which all of the produce is re- 
moved. In normal soil types the relations existing among these 
four elements in the subsoil are not essentially different from those 
in the surface, except in subsoils that are rich in calcium and mag- 
nesium carbonates. Even in the almost unweathered glacial sub- 
soils of the principal types of the Late Wisconsin glaciation (brown 
silt loam and yellow-gray silt loam; see Table 17), 2500 pounds of 
phosphorus and 158,000 pounds of potassium are the relative and 
total amounts of those two elements per acre in a 20-inch stratun^ 
Measured by the average losses from the farm by selling maximum 
crops of com and wheat, our two principal grains, the phosphorus 
m 6 million pounds of this subsoil is sufficient for 173 years, or 
one half as long as from 1565 to 1911, an<Ae potassium is sufficient 
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for 9900 years, or as long as from 8000 years before Christ to 1900 
years after Christ. In other words, on the absolute mathematical 
basis there is no more reason for applying potassium to normal 
soils as plant food than there is for applying magnesium and cal- 
cium for the sake of adding them also as plant food. 

The use of potassium on soils actually deficient in that element 
(as peaty swamp soils), and on some other soils as a soil stimulant, 
is discussed in the following pages. 

In brief, it maybe said, of the plant-food elements supplied by the 
soil, that nitrogen and phosphorus are in one class; that potassium, 
magnesium, and calcium are far removed in a second class; and that 
iron is distinctly in a third class; while the nitrogen of the air, so 
far as concerns the supply for permanent agriculture, should be 
classed with carbon, hydrogen, and oxygen. The place of sulfur 
is not so easily determined. Measured by the soil’s supply, sulfur 
would be classed with phosphorus and nitrogen; or measured by the 
crop demands, it would be classed with iron; but, if both supply 
and demand are considered, it must be classed with potassium, 
magnesium, and calcium. It is, however, known with certainty 
that more or less sulfur is carried into the air with the products of 
combustion and of decay, and some sulfates are also carried into 
the atmosphere in the dust from evaporated ocean spray. Long- 
continued investigations at Rothamsted and elsewhere have shown 
that as an average rainfall brings to the soil, chiefly in the form of 
sulfates, about 7 pounds of sulfur per acre per annum, or i pound 
more than would be required for a loo-bushel crop of com. 

Note. In New Hampshire Agricultural Experiment Station Bulletin 142 
(December, 1909), Morse and Curry report 37,400 pounds of total potassium 
in two million pounds of surface soil of the uplands, and 50,000 pounds in two 
million of surface soil of the lowlands, in the vicinity of Durham, these amounts 
representing averages of ten and fifteen respective soil analyses of clays and 
clay loams. The summary of this bulletin contains the conclusions that the 
potassium in these soils is soluble enough to supply potassium for heavy crops 
of grass without artificial reenforcement, and that additional potassium when 
supplied in commercial fertilizers does not affect the yield or the composition 
of the grasses. £ 



CHAPTER VII 

AVAILABLE PLANT FOOD 

“ Available plant food ” is an expression much used in connec- 
tion with commercial fertilizers, and the argument is commpnly 
made that because the soil does net contain available plant food, 
we should therefore apply available plant food in commercial fer- 
tilizers. Instead of following this advice, however, the farmer 
should, as a very general rule, adopt a system of farming that will 
make available the plant food in the soil so far as practicable, and, 
if any element is actually deficient in the soil, apply that element 
in cheap form and in positively larger quantities than will be re- 
moved in large crops; and then make it, too, available by his 
method of farming. 

There are three methods of determining with some degree of 
satisfaction which elements, if any, are deficient in the soil: 

First, we may compute from the composition of the soil and the 
requirements of crops the probable durability of a soil with reference 
to any element of plant food. Thus, we may determine that the 
unglaciated yellow silt loam surface soil of Illinois, Kentucky, 
Tennessee, and other adjoining states contains sufficient riitrogen 
for less than 20 large com crops if only the grain were removed; 
while the potassium in the late Wisconsin brown silt loam is suffi- 
cient for more than 2300 such crops. 

Second, we can assume for a rough estimation that the equiva- 
lent of 2 per cent of the nitrogen, i per cent of the phosphorus, and 
i of I per cent of the total potassium contained in the surface soil 
can be made available during one season by practical methods of 
farming. Of course, the percentage that can be made available will 
Vary very much with different seasons, with different soils, and for 
different crops; and yet with normal soils and seasons and for ordi- 
nary crops the above percentages represent roughly about the 
107 
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proportion that is liberated from our common soils of the element 
that limits the yield of the crop. 

In Table 21 are given the amounts of annually available plant 
food in Illinois soils as roughly estimated by this method of com- 
putation. 

Of course, these amounts would be smaller and smaller year by 
year in proportion as the total supply is decreased, and accordingly 
complete exhaustion is not only impracticable and unprofitable 
because of the continual reduction in crop yields, but it is mathe- 
matically impossible, just as it would be impossible to exhaust a 
bank account if only one per cent of the remaining deposit could 
be withdrawn each week. 

A peaty swamp soil containing 2930 pounds of total potassium 
per acre in the first 6| inches would liberate during the season, 
according to this estimate, about 7 pounds of potassium, which 
would be equivalent to a crop of 10 bushels of com, which represents 
roughly about the average yield from such land when not treated 
with potassium, as is shown in the following pages. The common 
brown silt loam prairie soil, when well farmed, will average about 
50 bushels of corn per acre, which would require iij pounds of 
phosphorus and 74 pounds of nitrogen, while 12 and 96 pounds 
represent i per cent of the phosphorus and 2 per cent of the nitro- 
gen, respectively, in the surface soil, where phosphorus is the first 
limiting element and nitrogen the second. 

These illustrations are given not to prove that this rough esti- 
mate is^ applicable, but rather to show the basis whicTi suggests 
such a computation. It has some value, chiefly, perhaps, in that 
it helps one to understand why it is that with phosphorus enough 
in the surface soil for 50 crops, we obtain only half a crop as an 
average. 

On this basis we should try to keep sufficient phosphoms in the 
surface soil for 100 large crops, of which one per cent would then 
be sufficient for one large crop. This would require about 2300 
pounds of phosphorus per acre, or but little more than is actually 
contained in the most productive Illinois com-belt soil, as the 
early Wisconsin black clay loam in such counties as McLean, 
Champaign, Edgar, et al. 

While there are several agencies that tend to convert insoluble 
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plant food into available forms, such as the products of decaying 
organic matter, including carbonic, nitric, and various organic 
acids, the different forms of lime, and most soluble salts, each of 
which is more fully discussed in its proper place, it is also known that 
the plant roots themselves influence the availability of plant food, 
probably by means of the carbonic acid or other substances which 
they excrete. 

The juices of plants are commonly distinctly acid, and the roots 
have some power to exude moisture, which certainly contains 
carbonic acid and very possibly contains no other solvents, although 
this question is not fully settled. Where growing plant roots lie in 
contact with the polished surface of marble (calcium carbonate) 
and some other materials (as prepared slabs of calcium phosphate), 
distinct etching occurs, as was early shown by Sachs and Czapek. 

Kossowitsch conducted an experiment in which he grew plants 
(peas, flax, and mustard) in two pots of sand which differed only 
by the addition of fine-ground rock phosphate to one. The plants 
were watered with the slow and constant application of like 
amounts of a dilute solution containing all essential plant-food ele- 
ments, except phosphorus. For the pot which contained no phos- 
phate this solution was, in this cqntinuous process of watering, 
passed through a third pot of sand to whiclf the fine-ground rock 
phosphate had also been added. 

Kossowitsch found that the plants made a much better growth 
in the pot where the roots were in direct contact with the phos- 
phate, thus showing that they exert a solvent action in addition 
to any that may be exerted by the nutrient solution. 

If, for example, the plant roots come in contact with, or exert 
an influence upon, the equivalent of only one per cent of the sur- 
face of the soil particles within the root range, this would offer an 
explanation of the relationship (which is very irregular in different 
soils and seasons) that exists between the total amount of any 
plant-food element in a given soil stratum and the amount secured 
hy a given crop during the growing season. 

It is well known that soluble phosphates and soluble potassium 
salts, when applied to normal soils, are almost immediately con- 
verted into insoluble forms; and the higher availability' of such 
soluble fertilizes is now believed to be largely due to the fact that 
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Table 21. Annually Available Fertility in Illinois Soils, roughly 
Estimated 


Pounds per Acre 


Son, 

Type 

No. 



Avail- 

Avail- 

Avail- 

Son, Area or Glahation 

Son. Type 

ABLE 

Nitro- 

ABLE 

Phos- 

ABLE 

Potas- 



gen 

phorus 

sium 


Prairie Lands, Undulating 


330 

Lower Illinoisan . . 

Gray silt loam on tight clay 

S 8 

8 

62 

426 

Middle Illinoisan . . 

Brown silt loam . . . 

87 

12 

81 

526 

Upper Illinoisan . . 

Brown silt loam . . . 

97 

12 

82 

626 

Pre-Iowan .... 

Brown silt loam . . . 

86 

12 

88 

726 

Iowan 

Brown silt loam . . . 

98 

12 

82 

1126 

Early Wisconsin . . 

Brown silt loam . . . 

lOI 

12 

91 

1026 

Late Wisconsin . . 

Brown silt loam . - . 

13s 

14 

113 


Prairie Lands, Flat 


329 

Lower Illinoisan . . 

Drab silt loam . . . 

56 

7 

66 

420 

Middle Illinoisan . . 

Black clay loam . . . 

108 

14 

80 

520 

Upper Illinoisan . . 

Black clay loam . . . 

135 

17 

74 

1120 

Early Wisconsin . . 

Black clay loam . . . 

IS 7 

20 

88 

1220 

Late Wisconsin . 

Bla'ck clay loam . . . 

178 

19 

93 


Timber Uplands, Rolling or Hilly 


135 

Unglaciated .... 

Yellow silt loam . •. . 

38 

10 

.79 

335 

Lower Illinoisan . . 

Yellow silt loam . . . 

43 

10 

80 

345 

Middle Illinoisan . . 

Yellow silt loam . . . 

37 

8 

82 

535 

Upper Illinoisan . . 

Yellow silt loam . . . 

40 

8 

87 

635 

Pre-Iowan .... 

Yellow silt loam . . . 

48 

9 

93 

735 

Iowan i 

Yellow silt loam . . . 

38 

9 

89 

1135 

Early Wisconsin . . 

Yellow silt foam . . . 

38 

9 

82 

864 

Deep loess . . . . | 

Yellow fine sandy loam 

43 

10 

89 


Timber Uplands, Undulating 


1034 

760 

Late Wisconsin . . . 
Iowan 

Yellow-gray silt loam . 
Brown sandy loam . . 

■ 58 

61 

8 

9 

1 19 
67 

Timber Uplands, Flat 

332 

Lower Illinoisan . , 

Light gray silt loam on 
tight clay .... 

8*1 

8 

68 
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Table 21. Annually Available Fertility in Illinois Soils, roughly 
Estimated — Continued 


Sou. 



Avail- 

AVAtt- 

Avail- 

Son. Area or Glaqatjon 

Soil Type 

ABLE 

Nitro- 

ABLE 

Phos- 

ABLE 

Potas- 




gen 

phorus 

sium 


Sand, Swamp, and Bottom Lands 


1331 

Old bottom lands . . 

Deep gray silt loam . . 

72 

14 

91 

1451 

Late bottom lands . 

Brown loam .... 

94 

16 

100 

1481 

Sand plains and dunes 

Sand soil 

29 

8 

77 

1401 

Late swamp ... 

Deep peat 

(?) 1 

20 

7 

1415 

Late swamp ... 

Drab clay 

115 

19 

120 


^ The nitrogen in peat is so very slowly available that not even a rough estimate 
can be made here. 


they first dissolve in the soil water and spread over the surface of 
the soil particles before becoming insoluble, and thus they offer 
a much more extensive surface for contact with plant roots than 
would plant-food particles applied in insoluble form, unless very 
finely ground. 

Third, we may apply different elements of plant food to the soil 
and note the effect, if any, in increasing the yield of crops, and thus 
sometimes discover what element is most ‘deficient in the soil. 
One might suppose that this would be the best method, but such 
is not the case. This method frequently gives erroneous results 
which, if followed, may lead to land ruin, because the substance 
applied may produce little or no benefit on account of the special 
plant-food element it contains, but it may act as a powerful soil 
stimulant and thus liberate from the soil some other entirely differ- 
ent element in which the soil is already becoming deficient, Thus 
have many lands been practically ruined by the use of land-plaster 
and salt, by the improper use of lime, and even by the use of clover 
merely as a soil stimulant. Some, good illustrations of this action 
of soluble salts are shown in the following pages. 

“In considering the general subject of culture experiments for determining 
fertilizer needs, emphasis must be laid on the fact that such experiments should 
never be accepted as the sole guide in determining future agricultural practice. 
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If the culture experiments and the ultimate chemical analysis of the soil agree 
in the deficiency of any plant-food element, then the information is conclusive 
and final ; but if these two sources of information disagree, then the culture 
experiments should be considered as tentative and likely to give way with 
increasing knowledge and improved methods to the information based on 
chemical analysis, which is absolute. ” * 

The plant food in the subsurface and subsoil is unquestionably 
of some value, but even the total supplies of nitrogen and phos- 
phorus that are held within the feeding range of ordinary plant 
roots are not unlihiited when measured by crop requirements in 
permanent agriculture. However, the thing of first importance is 
to maintain a rich surface soil, for no subsoil is of much practical 
value if it lies beneath a worn-out surface. On the other hand, if the 
subsoil will act as a reservoir for moisture, then a rich top soil will 
produce large crops. Manures and fertilizers are applied to, and 
incorporated with, the plowed stratum only. On the Rothamsted 
fields where chalk exceeding loo tons per acre was applied to the 
land a hundred years ago, practically no calcium carbonate is 
found below the plowed soil even after a century of cultivation, 
although 50 tons of the chalk applied still remain in the surface soil ; 
and the land fertilized with nitrogen, phosphorus, and potassium, 
which has yielded more than 30 bushels of wheat per acre as an 
average of fifty years, contains, as an average, no more plant 
food in the strata below the surface 9 inches than is found in 
the same strata where the land has been unfertilized and has 
produced an average yield of only 13 bushels of wheat for the 
same fifty years. 

The supply of nitrogen in soils is contained only in the organic 
matter; and thus the amount of nitrogen in the subsoil of normal 
soil types is relatively small, as will be seen from a study of Tables 
15, 16, and 17, six million pounds of subsoil containing, as a rule, 
less nitrogen than two million pounds of surface, except where tiie 
surface is much worn. The small amount of humus in the subsoil 
is also quite inactive, and the liberation of nitrogen from its decom- 
position is very sli^t. Furtherpiore, in all humid regions there is 
large loss of nitrogen in drainage waters; so that in practige the 
addition of nitrogen to the surface soil must be somewhat greater 

* “ Cyclopedia of American Agriculture,” Vol. i, page 475. 
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than that removed in crops, if the productive power of the soil is 
maintained. 

The phosphorus of the soil exists in both organic and mineral 
forms. While the supply of mineral phosphorus is likely to be smaller 
in the surface and subsurface than' in the subsoil, the organic 
phosphorus, like nitrogen, varies with the organic matter, which, 
as a rule, decreases rapidly below the plowed soil. As a consequence, 
there is usually less phosphorus in the subsurface than in the sur- 
face, unless the surface is very poor in organic matter; and also 
there is less phosphorus in the subsurface than in the subsoil, 
unless the subsurface is much richer in organic matter. A larger 
supply of phosphorus in the surface than in the subsurface is suffi- 
cient to prove that plants secure some phosphorus from below the 
surface soil, because the excess of phosphorus in the surface is 
contained in the decomposition products of plant residues from the 
centuries gone by. Where the subsoil is richer in phosphorus than 
the subsurface, it indicates either that phosphorus has been lost 
from the subsurface by leaching or that the plant roots have with- 
drawn phosphorus from the subsurface to a greater extent than 
from the subsoil. 

With the brown silt loams and black clay loams of the com belt, 
the surface stratum rich in organic matter is always richer in phos- 
phorus than the subsurface; and, with one exception, the subsur- 
face, which is also quite well supplied with organic matter, is richer 
in phosphorus than the subsoil, but the other upland soils contain 
less organic matter in the surface and much less in the subsurface, 
and the subsoil, with a single exception, is richer in phosphorus than 
the subsurface; equal weights of soil always being considered. 

The potassium is contained almost solely in the mineral part of 
the soil, and the supply regularly increases with depth, the sub- 
surface being richer than the surface and the subsoil still richer. 



CHAPTER VIII 

SOIL SURVEYS BY THE UNITED STATES BUREAU OF SOILS 

The Bureau of Soils of the United States Department of Agricul- 
ture was organized in 189-5, Professor Milton Whitney as 
Chief. The energies of this Bureau have been devoted largely to 
making surveys of the soils in certain localities in most of the 
different states; and, second, to laboratory investigations in sup- 
port of a theory early announced by Whitney and Cameron, to 
the effect that practically all soils contain sufficient plant food for 
good crop yields, and that this supply will be indefinitely main- 
tained. 

The soil surveys are of general interest but of doubtful value to 
the local farmers and landowners, because they are reported with 
practically no information concerning valuable methods of soil 
improvement other than that based upon the actual practice al- 
ready in vogue, the Bureau having conducted no systematic field 
experiments and having reported practically no chemical analyses 
of the various soil types identified. The mechanical analyses which 
are almost invariably reported give little information of value fur- 
ther than to support the soil surveyor’s classification of the soils 
into sandy soils, silty soils, clay soils, etc. Even the soil sur- 
vey, as conducted by the Bureau, is often too general or superficial 
in character to be of local use, differences in soils which are clearly 
recognized by the farmers being often ignored or overlooked. 
This will be better understood by examination of concrete illus- 
trations; such, for example, as a comparison of the Bureau’s map 
of Tazewell County, Illinois, published in the Report of Field 
Operations for 1902, with that of McLean County, which joins 
Tazewell on the east, and which accompanies the Report for 1903; 
or by a comparison of the Bureau’s map of Clay County, Illinois 
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(1902), showing all of the upland, comprising 85 per cent of the 
county, as one soil type (Marion silt loam), with the detail soil 
map published by the University of Illinois Agricultural Experi- 
ment Station (1909), showing eleven different types of upland 
soil, most of which are commonly recognized by the local farmers, 
the most extensive type (gray silt loam on tight clay, or “ typical ” 
Marion silt loam) comprising only 37 per cent of the county. 
These upland soil types vary in agricultural value from $15 to 
S60 an acre. They vary in average composition from 1100 pounds 
of nitrogen and 400 pounds of phosphorus to 3890 pounds of nitro- 
gen and 820 pounds of phosphorus in 2 million pounds of the sur- 
face soil. On more than 15,000 acres of the level upland prairie 
soil, surface drainage can be provided only with much diffi- 
culty, while 40,000 acres of eroded timberlands are so rough 
that the soil ought not to be kept under cultivation. About 30 
per cent of the upland is not underlain with tight clay, while the 
remainder has the subsoil sometimes called “ hardpan ” by the 
resident farmers. 

These facts are mentioned in order that the student may under- 
stand that the soil survey as made by the Bureau of Soils is not 
intended to be in sufficient detail for local, specific use. To quote 
Professor Whitney’s language from a letter to the author under 
date of March 26, 1903: 

“In the work on the scale in which the Bureau is engaged, we cannot recog- 
nize differences that might and should be recognized in a more detailed survey 
of a limited area. It is necessary for us to show only important differences in 
the soils which will be of value to the people of large areas. ” 

Nevertheless, the soil surveys of the Bureau have large value as 
a source of general information concerning the soils of the United 
States. The author has very great respect for the art of surveying 
soils, whether for general information over broad areas or for spe- 
cific use where the details are mapped. 

The accompanying map of the United States, showing “ Soil 
Provinces,” as published by the Bureau of Soils, is based in part 
^pon the work of the United States Geological Survey. Within 
these 14 great soil provinces, the Bureau of Soils had recognized 
(previous to January i, 1908) different soil types to the number of 
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715, most of which have been grouped into 86 soil series; and the 
following extracts from Bureau of Soils Bulletin 55 (1909), de- 
scriptive of these soils, cannot fail to be of interest and value to 
the student of American soils. 

Classification of Soils 

“The texture of the soil is ^pressed in the mechanical analysis by a separa- 
tion into seven grades, the sizes of which are arbitrarily fixed. The results of 
the analysis show the percentages of sand, silt, and clay.” 

“When, aside from texture, the physical and chemical properties of the 
soil and its method of formation are alike, we have what we call a soil series, 
extending from the coarse gravelly or sandy sods on the one side to the finer 
silt and clay soils on the other, and in such a series the texture of the soil deter- 
mines the distribution of crops. 

“ It would be a comparatively simple matter to compare and classify soils 
according to the mechanical analysis or texture, but this standard alone is 
not sufficient, and the problem is in reality a very difficult thing, for in working 
out the relation of the soils to crops, other factors enter which must be recognized 
in the correlation. One of the most important of these is the structure or 
the arrangement of the mineral matter. In some soils the mineral particles 
have a granular arrangement of flocculated masses, making the soil loose and 
porous. In others the grains appear to have no such coherency, but exist in 
a compact form, making the soil hard and compact. We also have the gumbo 
and adobe soils and others that are exceedingly plastic. Then, again, the 
amount and character of the organic matter influences not only the productive 
capacity of the soil, but its adaptation to crops, while the color of the soil has 
to be considered as indicative of certain obsure chemical or physical relations 
that influence the adaptation and productivity. The drainage features also 
come in, often with material influence on the organic constituents, on tiie aera- 
tion, and on oxidation processes. ” 

“ The experienced soil -survey man can judge very accurately of the texture of 
the soil material, but even his judgment, before being accepted, is always 
confirmed by mechanical anal3rsis. 

“ Where soils have a common origin and differ only in texture and are alike in 
color and in physical properties other than those affected by texture, they are 
arranged in what we call a series having the soil generic name with quali^g 
textural terms. We have, for example, the Miami gravelly loam, the Miami 
fine sand, the Miami sandy loam, ffie Miami silt loam, and the Miami clay 
loam as prominent types in the Miami series. In this particular series we 
have fourteen types, and possibly two or three other types will be encountered. 
In the Norfolk series we have twelve types.” 

“If the texture and structure of two soils is the same, and one differs in a 
mmrked degree from the series color, and that departure is fairly constant and 
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typical of the area covered by the soil, this soil likewise is thrown out of the 
series, because we have reason to know, by observation of the growing crops, 
that this color difference stands for a difference in the chemical changes which 
go on in the soil and which are necessary for the welfare of certain crops. 

“ In the classification of soib, therefore, the texture is used to determine the 
place in the seri^; the structure and color to determine what series the soil 
can be correlated with. ” 

The following table gives the name and area of the soil provinces and the 
proportion of each that has been covered by the soil survey. It is not unlikely 
that as the work progresses and as our knowledge of the soils increases it will 
seem advisable to divide some of these provinces into two or more parts. 


Soil Provinces of the United States 


Province 

Estimated 

Area 

Area Surveyed 


Actcs 

Acres 

Per Cent 

Atlantic.and Gulf coastal plains . . . 

233000000 

25613666 

10 

River flood plains 

64000000 

8061247 

13 

Piedmont Plateau 

48000000 

7271798 

15 

Appalachian Mountains and plateaus . 

72000000 

6367009 

9 

Limestone valleys and uplanck . . . 

68000000 

6052926 

9 

Glacial and loessial 

455000000 

22417832 

5 

Glacial lake and river terraces .... 

41000000 

5091882 

12 

Residual soils of Western prairie . . . 

107000000 

1825850 

2 

Great Basin 

109000000 

1005600 

I 

Northwestern intermountain region . . 

76000000 

1455428 

2 

Rocky Mountain valleys and plains . . 

365000000 

' 2939840 

I 

Arid Southwest 

58000000 

”3“55 

2 

Pacific ciast . . 

21000000 

4593881 

22 

Western mountain regions 

21 1000000 


_ 

Total 

1928000000 

93828114 

__ 


AXLANnC AND GULF COASTAL PLAINS 

The Atlantic and Coastal plains together constitute one of the most impor- 
tant physiographic divisions of the United States. The Atlantic Coastal Plain 
extends from the New England states southward to the Florida Peninsula, 
where the Gulf Coastal Plain begins, and extends thence westward to the 
Mexican boundary line. It is, however, discontinuous, being intwrupted by 
the alluvial bottoms of the Mississippi River. From the coast the Atlantic > 
Plain extends inland to the margin of the Piedmont Plateau; that is, to a 
line pas^g through Trenton, Baltimore, Washington, Richmwid, Raleigh, 
^Itmbia, Augusta, and Macon. In its northern extension it is repiescoted 
t>y a^aarrow belt, but widens in New Jersey, and its mftxiniiiin bi^dffi 
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of about 200 miles in North Carolina. The Gulf Plain extends up the Missis- 
sippi to the mouth of the Ohio, its inner boundary line passing through or near 
Montgomery, luka, Cairo, Little Rock, Texarkana, Austin, and San Antonio. 

The surface is that of a more or less deserted plain marked by few hills, 
slightly terraced with bluffs along streams. The inner margin of the Coastal 
Plain is usually from 200 to 300 feet above tide water, but sometimes rises to 500 
feet. The drainage here is usually well established, and the surface is rolling 
to hilly, and consequently carved and eroded. There is a wide belt border- 
ing the coast where the elevations are mostly under 100 feet. North of the 
James River, where the Coastal Plain is narrow and deeply indented with 
tidal estuaries, drainage is usually well established and the surface is rolling, 
but in the broad southern extension, where the seaward slope is hardly more 
than I foot to the mile, drainage is apt to be deficient. Here rain water often 
remains upon the surface for a considerable time, although the conditions 
are not comparable with those of a true swamp. The soils in this level section, 
while composed largely of sand, are compact, usually deficient in organic 
matter, and not very productive. Many of the flat interstream areas possess 
such poor drainage that true swamps, such as the Dismal and Okefenokee, 
have been formed. Near the coast and along the tidal estuaries, extensive 
marshes, separated from the ocean by sand barriers, are found. 

The Coastal Plain is made up of unconsolidated gravels, sands, and sandy 
clays, with less frequent beds of silts and heavy clays. The desposits on the 
Atlantic coast have been derived mainly from the erosion of the Piedmont 
Plateau and other inland areas, while the deposits on the Gulf coast have been 
derived mainly from transported glacial material and from western plains. 
The materials have been transported and deposited beneath the sea and 
subsequently exposed by the uplift of the ocean floor. In the more northern 
parts of the Coastal Plain, and even as far south as Virginia, the character 
of the deposits has been modified by glacial action and the flooded condition 
of the streams resulting from the melting of the ice. 

The Coastal Plain deposits range in age from Cretaceous to Recent. Al- 
though extensive areas of the older sediment are exposed at the surface to 
form soils, still by far the greater part of the materials is Quartemary or Recent 
in age. 

The soils are for the most part composed of sands and light , sandy loams, 
with occasional deposits of silts and heavy clays. The heavy clays are found 
principally near the inner margin of the Coastal Plain. The silts, silty clays, 
and black calcareous soils, upon which the rice and sugar-cane industries of 
southern Louisiana and Texas are being so extensively developed, have no 
equivalents in the Atlantic division. 

Bastrop series. Brown soils with reddish brown to red subsoils occurring 
as nonoverflow terraces. Cotton, com, sorghum, alfalfa, melons, and potatoes 
are successfully produced. 

Crockett series. Dark gray prairie soils underlain by mottled red sub- 
soils. Derived from slightly calcareous material, the soils of this series are 
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productive. Cotton and the general farm crops are the leading products. 
The gravelly soil is early and adapted to early truck. 

Elkton series. Light gray to white surface soils, with mottled whitish gray 
and yellow subsoils, overlying gravel and coal^e sands. 

Gadsden series. Gray soils, with subsoils of similar texture occupying 
gentle slopes and depressions and formed by wash or creep from higher areas. 
This series occurs in rather local development, particularly in Florida, southern 
Georgia, and Alabama. They are very productive soils and well adapted to 
tobacco. No heavy members of the series have been encountered, and it is 
doubtful if any exist. 

Guin series. Gray soils with brown to yellowish red subsoils, occurring 
as rolling and hilly lands. Intermediate series between the Norfolk and 
Orangeburg series. Owing to the rather rough topography, these soils have 
not been developed as much as either of the other series, although they 
seem capable of producing better crops than they do now. 

Houston series. Dark gray or black calcareous prairies. One of the most 
productive series for Upland cotton and well adapted to alfalfa and other 
forage crops. 

Laredo series. Gray to light brown calcareous soils with gray subsoils. 
Good cotton, com, and sugar-cane soils, and especially adapted to the early 
production of vegetables — cabbage and onions in particular. 

Lufkin series. Light-colored soils with heavy mottled gray and yellow 
subsoils. The soils of this series have only a moderate degree of productivity. 

Montrose series. Gray soils with heavy plastic mottled yellow subsoils. 
These soils are in part poorly drained, but where cultivated they produce 
moderate yields of cotton and com. 

Myatt series. Gray soils with mottled yellow, gray, and whitish subsoils 
occurring in poorly drained areas around heads of streams and intermediate 
between uplands and bottom lands. The series seems to be of local extent 
and but little developed. 

Norfolk series. Light-colored soils with yellow sand or sandy clay sub- 
soils. This series contains some of the most valuable truck soils of the Atlantic 
and Gulf Coast states, and certain members of the series are adapted under 
certain climatic conditions to wheat, grass, tobacco, and fruit. 

Oktibbeha series. Gray soils with brown to yellowish brown heavy sub- 
wils related to Houston series in origin. The soils of this series are distinctly 
inferior to the soils of the Houston series and, as they appear to cover large 
areas in Mississippi and Alabama, present a difficult problem in soil improve- 
ment. 

Orangeburg series. Light-colored soils with red sandy clay subsoils. 
This series constitutes some of the best cotton soils of the South, and certain - 
members of the series are particularly adapted to tobacco. 

Portsmouth series. Dark-colored soils with yellow or mottled gray sand 
or sandy clay subsoils. Where drainage is adequate, this series is adapted 
to some of the heavier truck crops, to small fruits, and to Indian com. 
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Sassafras series. Yellowish brown surface soils with reddish yellow to 
light orange subsoils overlying gravel beds. , . , , 

Susquehanna series. Gray soils with heavy red clay subsoils which become 
mottled and variegated in color in the deep subsoil. Only one member of 
this series, the sandy loam, has been developed to any considerable extent. 
This one is used for fruit and general farm pur^ses, but the other members 
are particularly refractory and difficult to bring into a productive state. 

Webb series. Brown to reddish brown soils with reddish brown to red sub ■ 
soils, a semiarid prototype of the Orangeburg series. The soils of this series 
have not been used to any great extent, owing to lack of irrigation facilities. 

Wickham series. Reddish or reddish brown terrace soils overlying reddish, 
micaceous heavy sandy loam or loam subsoils. The soils of this series have a 
relatively high productivity for general farm crops. 

Wilson series. Dark gray prairie soils with mottled gray subsoils. The 
clay member of this series is a strong soil devoted to general farming, with cotton 
as the leading crop. The other members are used for cotton, but are inclined 
to be droughty. 

River Flood Plains 

An extensive and characteristic group of soils, usually known as “ bottom 
lands,” is found in the flood plains of numerous rivers and streams of the 
United States. The largest development of this group occurs along the Mis- 
sissippi River, where the bottoms are often many miles in width. 

The soils have been formed by deposition from stream waters during 
periods of overflow. The texture of the material depends upon the velocity of 
the current at the time of the deposition. Where the current is very rapid, 
large stones and bowlders are borne along, and beds of gravel and sand are 
formed. Along the swift-flowing streams the texture of the soil changes often 
within short distances, but in wide bottoms large areas of very uniform soils are 
often formed. The soil material has usually been derived from various kinds 
of rocks, but in some instances is closely related to the surrounding geological 
formation. The red soils along the Red and other rivers in the Southwest 
have been formed by the reworking of the Permian Red Beds. In general, 
the soils along the streams which flow through the prairie region have a darker 
color than those along the streams which run only through the timbered sec- 
tions of the country. 

The difference in the origin, drainage, color, and organic-matter content has 
given rise to several series of alluvial soils in the humid portion of the United 
States. 

Congwree series. Brown or reddish brown soils found along Piedmont 
streams and representing wash from Cecil soils. Valuable and dependable 
com soils, but too low and moist for cotton. 

Huntington series. Dark brown to yellowish brown soils occurring along 
streams in the Alleghany plateaus. Both the general farm crops and tnick 
crops thrive on these soik. J 
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Miller series. Brown to red alluvial soils formed from the reworking of 
materials derived from the Permian Red Beds. Very productive soils suit- 
able for cotton, com, sugar cane, alfalfa, and vegetables; especially adapted 
to peaches. 

Ocklocknee series. Gray to yellowish brown soils found along streams in 
Coastal Plain Georgia, Alabama, and Mississippi. Cotton, com, and pastur- 
age are the leading products. 

Wabash series. Dark brown or black soils subject to overflow. Very pro- 
ductive soils used for cotton, sugar cane, corn, wheat, oats, grass, alfalfa, 
sugar beets, and potatoes and other vegetables. 

Waverly series. Light -colored, alluvial soils subject to overflow. Less pro- 
ductive than the Wabash soils, but adapted to the same wide range of crops. 

Wheeling series. Brown to yellowish brown soils occurring on gravel ter- 
races along streams issuing from glaciated regions. Excellent soils for general 
farming, and fruit and truck growing. 

Piedmont Plateau 

Lying between the Atlantic Coastal Plain and the Appalachian Moun- 
tains and extending from the Hudson River to east -central Alabama is an area 
of gently rolling to hilly country known as the Piedmont Plateau. On the 
Atlantic side it is closely defined by the “fall line,’' which separates it from the 
Coastal Plain, but on the northwestern side the boundary is not sharp, although 
in the main distinct. In its northern extension the Piedmont Plateau is 
quite narrow, but broadens toward the south, attaining its greatest width in 
North Carolina. 

The surface features are those of a broad rolling plain that has been deeply 
cut by an intricate system of small streams, whose valley walls are rounded and 
covered with soil, although many small gorges and rocky areas occur. The 
altitude varies from about 300 feet to more than 1000 feet above sea level. 

The extreme northern part of the Piedmont region, in New Jersey, has been 
glaciated, uut elsewhere the soils are purely residual in origin and have been 
derived almost exclusively from the weathering of igneous and metamorphic 
rocks. The chief exception is the detached areas of sandstones and shales of 
Triassic age. Marked differences in the character of the rock and the method 
of formation has given rise to a number of soil types, those derived from crys- 
talline rocks being the most numerous and widely distributed. Among these 
the soils of the Cecil and Chester series predominate. The principal types 
formed from the sandstones and shales are included in the Penn series. 

Cecil series. Gray to red soils with bright red clay subsoils, derived from 
igneous and metamorphic rocks. Constituting by far the larger portion of the 
province, these soils are well adapted to, and used for, cotton, export tobacco, 
and fruit, and the lighter members for truck crops. As a rule, they are not 
highly developed, but where properly handled the heavier members produce 
excellent crops of com and grazing and hay grasses. 
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Chester series. Gray to brown surface soils with yeUow subsoils, derived 
principally from schists and gneisses. The most valuable soils of the province 
for wheat and com, and good for certain fruits. The most highly developed 
soils of the Piedmont Plateam 

Penn series. Dark Indian red soils with red subsoils, derived from red sand- 
stones and shales of Triassic age. Excellent soils for general farm ‘crops, 
particularly wheat, com, and hay. 

Appalachian Mountains and Plateau 

The Appalachian Mountains are made up of a number of parallel ranges and 
intervening valleys, which extend in a general northeast and southwest di- 
rection from southern New York to northern Alabama. The elevation ranges 
from about 1500 to nearly 7000 feet above sea level, the highest point being 
attained in western North Carolina. 

Immediately east of the Appalachian Mountains, and usually separated from 
them by a valley, is a wide stretch of country known as the Alleghany Plateau. 
In a broad way this plateau is carved out of a great block of sedimentary rocks 
tilted to the northwest from the mountains. It is crossed by numerous streams. 
As they run in deep channels (all the larger ones being from 200 to 1000 feet 
in depth), the dissection of the plateau block is often minute. 

The rocks of the eastern ranges of the Appalachian Mountains are igneous 
or metamorphic in origin, while the western ranges, as well as the Alleghany 
Plateau, are made up of sedimentary rocks. Different series of soils have, 
therefore, been formed in different parts of these mountains and plateau. 
The igneous and metamorphic rocks give rise to the soils of the Porter series, 
while the Dekalb and Upshur series are formed from the weathering of the 
sandstones and shales of sedimentary origin. 

The character of the topography in the mountam and much of the plateau 
region is such that general farming is not practicable. These areas are, how- 
ever, well suited to grazing and fruit growing, and these are very important 
industries. 

Dekalb series. Brown to yellow soils with yellow subsoils, derived from 
sand stones and shales. Soils of this series are used, according to texture, 
elevation, exposure, and character of surface, either for the production of 
hay, for pasture, or for orchard and small* fruits. 

Fayetteville series. Grayish brown to brown soils with yellowish or reddish 
brown subsoils. Adapted to apples, grapes, and small fruits, and give mod- 
erate yields of generd farm crops. 

Porter series. Gray to red soils with red clay subsoils, derived from 
igneous and metamorphic rocks. This is the greatest mountain fruit series 
of the eastern United States. It is also used for general farming. 

Upshur series. Brown to red soils with red subsoils, derived from sand- 
stones and shales. Somewhat more productive than the Dekalb s^. Used 
for cotton, coi^, wheat, and forage crops. 
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Limestone Valleys and Uplands 

The limestone soils are among the most extensively developed of any in the 
United States and occur in both broad upland and inclosed narrow valley areas. 
The greatest upland development is seen upon the Cumberland Plateau in 
eastern Tennessee and Kentucky and upon the Carboniferous formation in 
central Tennessee and Kentucky, northern Alabama and Georgia, and in 
Missouri. The valley soils are found principally in Pennsylvania, Maryland, 
and Virginia, and in the mountain section of eastern Tennessee and Kentucky 
and northern Alabama and Georgia. The topography of the plateau soils 
varies considerably. In the Cumberland Plateau and Highland Rim the sur- 
face is undulating ; in the region of the Ozark uplift in Missouri and Arkansas 
it is quite rough and hilly, and where there is an elevation of the surface, or 
whei:e the plateau is deeply dissected by erosion, it presents a quite mountain- 
ous topography. The valley soils of the Appalachian region also show consider- 
able topographic relief, sometimes exhibiting mountainous surface features. 

The limestone soils are residual in origin, being derived from the weather- 
ing in place of limestone of differing age and composition. This is accom- 
plished by the removal through solution of the calcium carbonate of the lime- 
stone, leaving behind the more resistant siliceous minerals. These soils are 
remarkable for the fact that they contain but a very small percentage of the 
original limestone rock, the larger part having gone into solution. Tt has 
thus required the solution of many feet of rock to form a single foot of soil. 
Thus far the limestone soils east of Kansas and Texas and north of central 
Alabama and Georgia have been grouped in two important series, known as 
the Hagerstown and Clarksville. 

ClarksviUe series. Light gray to brown soils with yellow to red subsoils, 
derived mainly from the St. Louis limestone. While not as strong as the 
Hagerstown soils, this is a valuable series. Apples and peaches are commer- 
cially important. Tobacco is a leading product. General farming is firmly 
established in many extensive regions. 

Cumberland series. Brown surface soils, derived from thin deposit of 
sedimentary material overlying residual limestone subsoils. Used for cotton 
and other general farm crops, truck, and fruit. 

Decatur series. Reddish brown to red soils with intensely red subsoils. 
Intermediate in value between the two series just described. Cotton, com, 
wheat, oats, forage crops, blue grass, and peaches are the leading crops. 

Hagerstown series. Brown to yellowish soils with yellow to reddish sub- 
soils, derived from massive limestone. Among the most productive soils of 
the eastern United States. Fine wheat and general farming soils, and the . 
seat%f important apple orcharding interests. Blue grass is indigenous. 

Glacial and Loessial Regions 

The soils of the glaciated part of the country constitute one of the mo^ 
important groups in the United States. The'grotip indudes aff soils derived 
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directly from till or loess. The soils formed from the till are confined to that 
part of the country lying north of the southern limit of glacial action, but the 
loess soils occur also south of this line, especially along the Mississipja and 
Ohio rivers and in Kansas and Nebraska. The line of the southern* extension of 
the ice sheet touches the Atlantic coast about New York City, passes through 
northern New Jersey, southern New York, and northwestern Pennsylvania, 

. swings southward through Ohio to Cincinnati, crosses the Mississippi River 
at St. Louis, and follows the south side of the Missouri River into Montana, 
where it crosses the Canadian boundary line, then dips southward into Idaho 
as a long lobe in the mountainous nonagricultural region, and crosses the 
northwestern part of Washington, including the Puget Sound region. 

Practically all of the United States north of this line was covered in recent 
geological time by a great continental glacier, many hundreds, and even thou- 
sands, of feet in thickness. This great ice sheet, moving in a southern direction, 
filled up valleys, planed off the tops of hills and mountains, ground up the 
underlying rocks, carried the derived material both within and upon the ice, 
and finally deposited the gravel, sand, silt, and clay, as a mantle, varying in 
thickness from a few feet to more than 300 feet. Often this material has been 
t^ransported hundreds of miles, and is wholly unrelated to the underlying rocks, 
but in some places the movement has been slight, and the drift consists very 
largely of the ground-up underlying rock. Over a large porportion of the 
area covered by the drift and also along the Ohio and Mississippi rivers and 
in Kansas and Nebraska, the surface material consists of a fine silty deposit, 
known geologically as “loess” and “Plains marl.” In the classification of the 
glacial soils, three important series - Miami, Marshall, and Volusia — having 
distinct characteristics have been recognized and, in addition, quite a number 
of miscellaneous soils which cannot be put in any series. 

Marshall scries Dark-colored upland prairie soils. The principal soils 
of the great corn belt belong to this series, while in the Northwest the finest 
wheat soils are found m this group. They are among the best general farming 
soils of the entire country. o e & 

5 ene5. Light-colored upland timbered soils. The different mem- 

^tfon 1 f T general farming soils and have in ad- 

dition special adaptations for truck, fruit, small fruit, and alfalfa. 

d.li soils with yellowish subsoils, derived by feeble 

fo t e The soils of this series are adapted 

l^sitioL t cmn buckwheat, and, in the less elevated 

Glacial Lake and River Terraces 

as region, principally 

fonnerlv coverpH h ^ streams, or as deposits in areas which were 

part of L Unhed t ^^bes in this 

wmcn remain beached a higher level and covered areas that are now far above 
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their present shore lines. In some cases several distinct terraces, each one 
marked by an old shore line, are easily discernible, and represent successive 
stageyn the lowering of the water level. The elevation above the lake varies 
from a few feet to more than 200 feet. The surface of each terrace is usually 
rolling to level, with a gradual slope toward the lake, but sometimes areas 
of a rough and broken character occur. The streams which cross these terraces 
have frequently, by their cutting, produced deep, steep-sided valleys, especially 
near the lakes. 

The soils of this group vary from typical beach gravels to offshore deposits 
of heavy clays. The material from which they are derived consists of glacial 
debris reworked and redeposited in the lakes or along streams. While this 
glacial material is made up of rocks of widely varying origin, a large proportion 
of it often consists of the country rock. In the eastern part of the Great Lake 
region the percentage of sandstone and shale fragments is usually very high, 
while in the western part more of the igneous rocks are present. This fact, 
together with differences in drainage conditions, has given rise to several series 
of soils. 

Clyde series. Dark-colored swamp soils formed from reworked glacial 
material deposited in glacial lakes. A special use for these soils is the pro- 
duction of sugar beets, while general farm crops, truck and canning crops, are 
grown extensively. 

Dunkirk series. Light-colored reworked glacial material occurring as 
terraces around lakes and along streams. Good general farming soils and 
especially adapted to grapes and other fruits. 

Fargo series. Black calcareous soils rich in organic matter formed by 
deposition of material in glacial lakes. This is the most important group of ’ 
soils in the Red River Valleyj and includes exceptional soils for the production 
of wheat, barley, and flax. While these are the chief crops at present, the soil 
adaptations are by no means limited to small grain production. Timothy and 
vegetables may become more important products with the development of 
markets. 

Hudson series. Light brown to yellowish brown soils, with drab to yellow- 
ish subsoils. 

Merrimac series. Brown terrace soils underlain by gravel, formed prin- 
cipally of reworked glaciated crystalline rocks. Leachy soils of low general 
farming value, but especially adapted to trucking and apple orcharding in some 
sections. 

Sioux series. Dark-colored soils resting on dark or light -colored subsoils, 
with gravel beds usually within 3 feet of the surface. The crops produced on 
Soils of this series range from early short-seasoned truck crops through special 
crops like alfalfa and sugar beets to the wide variety of general farm crops 
produced in' the Central West. 

Superior series. Gray and red soils with red subsoils, formed from reworked 
glacial material deposited in glacial lakes. Not extensively developed, but 
known to include fine types for clover, timothy, and small fruits.. 
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Vergennes series. Light-colored soils, with gray or whilish subsoils, 
derived from Champlain clay, or lighter deposits over these clays. This 
series includes the best hay and apple soils of the Champlain Valley. 4 wide 
variety of tillage crops is grown, but cultivation of the heavier members of the 
series is very difficult. 

Residual Soils of the Western Prairie Region 

This region consists of the nonglacial part of»the prairie plains bounded 
on the north by the Missouri River, the southern limit of glaciers, and extending 
southward through Texas to the Rio Grande. On the west it merges into the 
Plateau region at very near the 2 ooo-foot contour, and on the east is limited 
by the Gulf Coastal Plain and the Ozark Plateau. Its surface is gently rolling, 
with occasional low hills, and is cut by numerous stream channels. The 
rocks are of Carboniferous age, and consist of sandstones, shales, and limestones 
more or less interbedded. These rocks give rise to three series of soils, viz. 
Oswego, Crawford, and Vernon, together with a number of miscellaneous soils. 
In Kansas and Texas these soils are in some instances more or less modified 
by the admixture of gravel and sand from Tertiary deposits brought down 
from the higher areas farther west occupied by crystalline rocks. 

Crawford series. Brown soils with reddish subsoils, derived from lime- 
stones. The soils of this series range from rough areas suited mainly for 
pastures to fertile general farming, fruit growing, and trucking soils. 

Oswego series. Gray or brown soils, derived from sandstones and shales. 
The lighter members of this series are adapted to com, oats, potatoes, truck, 
and fruit ; the heavier to these crops and wheat. 

Vernon series. Brown to red soils typical of the Permian formation. Soils of 
this series show a wide adaptation according to texture. General farm crops, 
including cotton, com, wheat, Kafir com, and sorghum are the leading prod- 
ucts. Small fruit, peaches, and truck are grown to some extent and are 
capable of marked extension. 


Great Basin 

With the exception of one soil type recognized in the Laramie area, Wyoming, 
ffie soils in this group, so far as mapped, are confined to the Great Interior 
Basin repon. They are derived from a great variety of rocks, and consist 
of colluvial ^il of ^the mountain slopes, deep lacustrine and shore deposits of 
e onneville period, and of recent stream-valley sediments and river-dplta 

dennsitc ' ^ 


When not situated above or outside the limits of irrigation, or rendered 
unfit for cultivation by accumulation of alkali or seepage waters, they are of 
gr^ agnculturd importance, and are devoted mamly to the* production 
^ms sugir kets, alfalfa, stone or other tree fruits, and vegetables, 
km Porous dark or drab colluvial and alluvial soils under- 

y gravel or rock, occupying lower mountain slopes. The lighter types 
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when irrigable are devoted to orchard fruits, the heavier types to alfalfa and 
sugar beets. 

Jordan series. Light to dark-colored lacustrine desposits. These soils 
are utilized principally in the production of alfalfa, sugar beets, truck crops, 
and grains under favorable conditions for irrigation and drainage, but consider- 
able areas covered by some of the members of this series are not utilized on 
account of the accumulation of alkali, poor drainage, or because of their drift- 
ing character. 

Malade series. Dark-colored alluvial soils xmderlain by light-colored sands, 
sandy loams, or heavy reddish material. These soils are devoted chiefly to 
sugar beets, alfalfa, grain, and some orchard fruits. 

Redfield series. Red soils consisting of colluvial and alluvial materials 
derived from red sandstones and other rocks. The lighter members are 
adapted to the production of alfalfa, grain, and general farm crops when 
irrigable and well drained. The heavier members, as far as encountered, are 
poorly drained and have not been developed. 

Salt Lake series. Dark-colored soils underlain by stratified sediments 6f 
lacustrine origin. These soils, as far as encountered, occupy very low, flat 
positions around the lake, and have not been developed to any extent. 

Northwestern Intermountain Region 

The most extensive and uniform soil types of this region consist of residual 
materials overlying and derived from extensive basaltic lava plains and in 
some cases from granite rocks or of ancient lacustrine sediments or extensive 
lake beds now more or less modified by erosion or seolian agencies. Owing 
to erosion by streams and to movements of the earth’s crust, these soils now 
generally occupy more or less elevated sloping or rolling plains. About the 
margins of the lacustrine or residual deposits they are covered by sloping plains 
and fans of colluvial wash from the adjacent mountain borders, while in the 
vicinity of the larger streams, which have carved and terraced the lacustrine 
beds and residual soils, occur- other series of recent alluvial stream sediments 
derived from reworked materials of the lake beds or from the weathered prod- 
ucts of the mountains. It is the soils of this region that constitute a large 
portion of the great grain-producing lands of the Northwest. 

Bridget series. Dark-colored soils with sticky yellow subsoils, of colluvial 
and alluvial origin. These soils generally occupy elevated foot slopes of sloping 
valley plains and have not been developed to a great extent. They are m(«t 
extensively used for the production of grain, and, when irrigated, are ubliz^ 
in the production of alfalfa and other hay crops and, under favorable climatic 
conditions, are adapted to fruits. 

GaUatin series. Light to dark-colored soils with yellowish to dark com- 
pact Sttli^ils, of recent alluvial origin from'basaltic and volcanic rocks. The® 
soils generally occupy low positions, very frequently poorly drained, often 
subject to overflow, and have not been extensively dev^pld for agricuitiirai 
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purposes. They are used chiefly for grazing and, to some extent, in the pro- 
duction of hay, grains, and in some sections for vegetables. 

Yakima series. Ash-gray to light brown soils derived principally from 
ancjent lake sediments consisting of an admixture of volcanic dust and ba- 
saltic, andesitic; and granitic materials. Certain members of this series have 
been very successfully developed for hop culture, alfalfa, grass, grain, and 
fruit, while other members of the series, owing to their elevated position and 
general rough character, have not been developed at all. ' 


Rocky Mountain Valleys, Plateaus, and Plains 

The soils of the Rocky Mountain valleys, plateaus, and plains are derived 
a wide range of igneous, eruptive, metamorphic, and sedimentaiy rocks. 
The plateau and plain types occupy a more or less elevated position, and have 
sloping undulating, or irregular surface features. They are derived from 
underlying sedimentary rocks or consist of the remains of the ancient extensive 
mountain foot-slope material or of alluvial deposits along streams trenching and 
terracing the sedimentary rocks of the plateaus and plains. The mountain slope 
Md intermountain types consist of residual and colluvial deposits or of ancient 
lacustrine or later stream sediments, occupying mountain foot slopes and 
narrow valleys. 

owlfjtrd" the mountain slopes are usually of little agricultural value, 
blhfut ^^‘''^ated position, and the consequent imprac- 

mabdity of irrigation. Those of the plateaus, valleys, and plains vary idely 
m economic importance, depending largely upon climatic features, topTgraphy^ 

nT T'' grazing lands 

vated frui? mJir the most important and intensively culti- 

vated rmt, melon, sugar beet, and other special crops. 

soilf toed ml, - brown soils and sub- 
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SuSTf' S -"isaMe, ftese soils aro important soils in the 
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tible to irrigation and h ^ however, are so situated as not to be suscep- 
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alkali, the members of this series are admirably adapted to the production of 
choice fruits, alfalfa, sugar beets, grains, and truck crops. 

Laramie series. Dark-colored soils, with light-colored gravelly subsoils, de- 
rived from colluvial mountain wash. These soils have not been extensively 
developed, owing to their elevation, and are used principally for grazing pur- 
poses. 

Laurel series. Light gray to black soils, underlain by river sands or gravels, 
occurring in flood plains along streams. Under favorable moisture conditions, 
these are fertile soils, adapted according to locality to corn, alfalfa, sugar beets, 
and truck crops, but the areas are often subject to overflow, and in some cases 
cannot be drained. 

Mesa series. Light gray to brown soils derived from old flood-plain de- 
posits, now elevated to form mesa lands. Where these soils have been devel- 
oped and are susceptible of irrigation, they are used mainly for alfalfa and 
sugar beets. One member of the series has been quite extensively and very 
successfully used for the production of apples and peaches. 

Morion series. Brown residual soils, derived from sandstones and shales. 
The soils lie in the semiarid region, and give good yields of wheat, flax, oats, and 
potatoes, when rainfall is sufficient. 

San Luis series. Reddish brown gravelly soils, formed from lacustrine 
sediments of volcanic rock materials. On account of the position and the 
danger from alkali, these soils have not been successfully developed, but have 
been used mainly for pasturage and forage crops. 

Wade series. Brown to dark brown alluvial soils, formed by reworking of 
sandstones and shales. Used for oats, flax, millet, and wheat. 

Arid Southwest 

The soils of the arid Southwest are mainly of colluvial, alluvial, and lacus- 
trine origin. They occupy mountain foot slopes, alluvial fans, ddbris aprons, 
or sloping plains of filled valleys, sloping or nearly level plains, and bottoms of 
stream valleys or sinks and drainage basins. The principal colluvial soils of 
this region are also common to the Pacific coast. The climate of the arid 
Southwest is characterized by semitropical desert conditions, and where the 
soils are not capable of irrigation, they have little or no present agricultural 
value. 

Gila series. Light to dark brown soils of flood-plain alluvium, underlain 
at varying depths By coarse sands and gravels. Under favorable irrigation and 
drainage conditions, the members of the Gila series are adapted chiefly to the 
production of alfalfa, potatoes, truck, and root crops. 

Imperial series. Light-colored or reddish soils formed from old marine 
or- lacustrine sediments modified by more recent deposits, and underlain to 
great depths by heavy material. These soils are particularly adapted to alfalfa, 
sorghuin, and other forage crops. 

Indio series. Light-<x)lored soils usually underlain by coarser sands and 
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gravels, formed by colluvial and alluvial wash from granitic rock, miiigled 
with some shale and sandstone. These soils are adapted to fruit, truck crops, 
sweet potatoes, melons, and alfalfa, under favorable conditions of irrigation 
and drainage. 

Pacific Coast 


The soils of the Pacific coast, including those of the coastal and interior 
mountain ranges, foothills, and valleys, have been classified into a nmnber 
of series, varying in field characteristics, topography, origin and mode 
of formation, and agricultural importance. They range from residual and 
colluvial soils of the mountain sides, foot slopes, and foothills, to deep and 
extensive river flood plains and delta sediments, and ancient and modern shore 
and marine lacustrine deposits. While some of these series are confined to a 
single coastal or interior mountain range or valley, others are of wider range 
and extend oyer several different physiographic regions. The value of these 
soils and their adaptation to crops is dependent largely upon the possibilities 
of irrigation and upon local conditions of rainfall and temperature, all of 
which are to great extent dependent upon topography. They range in agri- 
cultural importance from those devoted only to extensive grain farming to 
the most valuable and intensively cultivated lands devoted to citrus and decid- 
uous fruits, vines, small fruits, and other special crops. 

Anderson series. Reddish gray or light red alluvial soils occupying prin- 
cipal valley plains and the bottoms of intermittent streams. Generally gravelly. 
The soils of this series, when not too gravelly, are adapted to the production of 
peaches, pears, prunes, and small fruits, but are, in so far as mapped at present, 
inextensive types of secondary agricultural importance. 

Fresno series. Light-colored soils with light gray, ashy subsoils, and 
alkah-cybonate hardpan, derived from old alluvial wash. Where protected 
rom alkali accuinulations, these soils have been very successfully used for 
vineyards and raisin grapes, and are particularly adapted to almonds, p^ches, 
and apricots. . ^ ’ 


Hanford senes. Recent alluvium of flood or delta plains derived from a 
variety of rocks The light-textured soils are light in color, and the heavy tex- 
ured soils are dark in color. The lighter members of the series are adapted 
0 the same class of fruits and raisin grapes as the Fresno series. The heavier 
members of this senes, however, are better adapted to alfalfa, sugar beets, 

celery, asparagus, and otheHruck crops. . ’ ^ ' 

luvid^or^ dark-colored soils derived from unassorted oil- 
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large extent for sugar beets and lima b^ns, and, where irrigation is not practi- 
cable, extensively used for grain. 

Placentia series. Reddish soils derived largely from the weathering of allu- 
vial and colluvid deposits, generally underlain by heavy compact red material 
with an impervious adobe structure. Large areas of these soils are devoted to 
dry farming of grain, and occur throughout southern California and in some of 
the coastal valleys, viz., Bakersfield, Salinas, and San Jos€. These are exten- 
sive areas under irrigation, which are valuable for producing both deciduous 
and citrus fruits. The heavier members of this series have been more success- 
fully used for grain production in southern California. They seem particularly 
well adapted to English walnuts and olives. The soils are usually well drained. 
The English walnut does not thrive on poorly drained soils. 

Redding series. Ancient alluvial valley deposits of red and deep red color, 
generally gravelly. Heavy red subsoils with hardpan. The soils of this 
series, when not carrying an excess of cobbles or underlain at shallow depths 
by hardpan, are excellently adapted to the production of choice peaches and 
small fruits. 

Sacramento series. Gray alluvial soils consisting of recent stream sedi- 
ments. The lighter members of this series are used mainly for the production 
of prunes, pears, and peaches. The members of the series having a medium 
texture are adapted to sugar beets, alfalfa, and prunes. The heavier members 
are at present poorly drained, and have not been highly developed, being used 
mostly for grain and grazing. 

Salem series. Residual, alluvial, or colluvial soils, either red or dark in 
color, derived from rocks of basaltic, schistose, crystalline, or arenaceous 
character. These soils, so far as they have been encountered, seem particularly 
adapted to hops, potatoes, and have been used to some extent for apples, 
peaches, and grain. They have not been very highly developed in the areas 
in which they have been encountered. 

San Joaquin series. Compact red soils and subsoils derived from old 
marine sediments, usually underlain by red hardpan. These soils have been 
used almost exclusively for dry farming to grain on account of the general 
occurrence of hardpan and very stiff and_impervious subsoils. Recently, in 
the Sacramento area, some members of this series have been very successfully 
- used for the production of the Tokay grape and strawberries. 

Sierra series. Light gray to red and frequently gravelly soils, often under- 
lain by red adobe. Members of this series constitute some of the most valu- 
able deciduous fruit soils of the foothilb in northern California, 

Sites series. Residual and colluvial soils of reddish gray or dark brown color, 
derived from sandstones, shales, conglomerates, and volcanic or altered ma- 
terial occupying low, rolling foothills and their valley slopes, usually underlain 
at shallow depths by sandstones, conglomerates, or heavy subsoils. The Sites 
loam and clay loam adobe are the important ^ils of this series and are pro^ 
ductive, but, owing to their positions, are generally unkr^ble and adapted to 
dry fjurming to grains. 
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Stockton series. Brown to black soils with heavy yellow subsoils, derived 
from old alluvial sediments. These soils have been used principally for the 
production of grain. The lighter members of this series have been adapted 
to fruit. 

Willow series. Brown soils consisting of wash deposited by intermittent foot- 
hill streams. These soils have been used almost exclusively for dry farming 
grain crops. Large ranches are being broken up and brought under irrigation 
and alfalfa and sugar beets are likely to prove the most important crops. 

The following additional quotations from Bureau of Soils Bulle- 
tin 55 will serve to acquaint the student with the general charac- 
ter of the more detailed descriptions which are given of the soil 
types singly and in series: 


Leonardtown loam^ (Maryland, Virginia, Kentucky, — 196,834 acres). 
The Leonardtown loam is a valuable upland soil of Maryland and Virginia. 
The surface is slightly rolling, the drainage in most areas is good, and altogether 
the land is well suited to general farming, the soil has a special value in the 
production of wheat and grass.” 

Manon silt loam (Illinois, Missouri, — 695,040 acres). “A large pro- 
portion of southern Illinois is occupied by Marion sUt loam. The type occupies 
level praine land and is characterized by hard silty clay subsoU locally known as 
tiardpan. It is low in organic matter, and this, combined with the impervious 
nature of the subsoil, causes crops to suffer in wet as well as dry seasons. Wheat, 
corn, and grasses are the principal crops, but the average yields are considerably 
lower than upon the black prairie soils. It seems especially well adapted to 
apples, and many large orchards have been planted. Strawberries also do well.” 

duf ^^^shall series in- 

cludes the dark-colored upland glacial and loessial soils, which cover almost all 

The soils of this series are 
kr.?™ f ""r ‘^''^^T^shed from those of the Miami series by the relatively 
brotn^n h ! gives them a dark 

is « Iswl to rolling, and artfficial drainage 

soils of ttoWr-™"’' a»ii low-lying areas to secure the best results. The 
country productive and constitute the great corn soils of the 

constitute the principal soil 
our generaHarmin ^ com belt, and rank among the most productive of 

andStirh'Vf • ^^^^»Ill“«J^^-‘^dNebraska,com:oats,cIover, 

becoLesof DrimlJ. • Minnesota and the Dakotas wheat 

Joam, when 

rained, is also an exceedmgly fertile soil, being particularly weU adapted 
gini^ w Norfolk,' Vir- 
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to corn. The sandy loam and fine sandy loam, while not so well adapted to 
general farming as the heavier soils, are quite productive and have a wide crop 
adaptation. The sand and fine sand are well suited to truck crops, but give 
rather uncertain yields of general farm crops. 

“The acreage of the types so far encountered is as follows ; 


Area and Distribution of the Soils op the Marshall Series ^ 


Soil Name 

States in which Each Type has been Found 

Total Area 
(A cres) - 

Marshall stony loam 

North Dakota, South Dakota .... 

84096 

Gravel* . . . 

Minnesota, North Dakota 

2560, 

Gravelly loam . 

Kansas, Minnesota, NorthDakota, Wisconsin 

106816 

Sand .... 

Indiana, Iowa, Wisconsin 

52736 

Fine sand . . 

Indiana, Iowa, Minnesota, Nebraska, North 


Dakota 

54272 

Sandy loam . . 

Illinois, Indiana, Kansas, Minnesota, South 


Dakota 

261440 

Fine sandy loam 

Indiana, Minnesota, Nebraska, North Da- 


kota 

III168 

Loam .... 

Illinois, Indiana, Iowa, Michigan, Minnesota, 
Nebraska, North Dakota, South Dakota, 



Wisconsin 

1680832 

Silt loam * . . 

Colorado, Illinois, Indiana, Iowa, Kansas, 
Louisiana, Minnesota, Missouri, Nebraska, 


North Dakota, Wisconsin 

4454470 

Clay loam . . 

Iowa, Minnesota, North Dakota, Wisconsin 
Illinois, Indiana, Iowa, Michigan, Minnesota, 
North Dakota, Ohio, South Dakota, Wis- 

600320 

Black clay loam ’ 


consin 

572176 

Clay .... 

North Dakota 

76800 

Total . . . 


8057686 


‘The soil mapped as Marshall gravel in Pontiac area, Michigan, is Miami 
gravelly sand. 

^ Mapped as Miami silt loam in Clinton and St. Clair counties, Illinois, and as 
Fresno fine sandy loam in Lower Arkansas Valley area, Colorado. 

’ The soil mapped as Miami (now Marshall) black clay loam in the Toledo area, 
Ohio, is Clyde clay. 


Miami series (glacial and loessial regions). “The Miami series is one 
of the most important, widely distributed, and complete soil series that has 
l>oen established. The series is characterized by the light color of the surface 
soils, by derivation from glacial material, and by being timbered either now 
or originally. The heavier members of the series are better adapted to wheat 
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Area AND^)iSTRiBunoN of the Soils of the Miami Series 


Sort Name 

States in which'Each Type has been Found 

Total Area 

.Miami stony sand . 

Michigan, New York, Washington, Wiscon- 
sin 

100^78 

, ■ Stony sandy loam 

New York, Rhode Island, Vermont, Wash- 
ington A.- 

267328 

Stony loam . . 

Michigan, Minnesota, New York, uhio, 

879094 

21376 

Rhode Island, Washington, Wisconsin 

Gravel .... 

Illinois, Wisconsin 

Gravelly sand ‘ . 

Michigan, Washington 

91242 

Gravellysandyloam 

Indiana, Michigan, Minnesota, Washing- 

58624 

ton 

Gravelly loam * . 

Indiana, Michigan, Ohio ..... 

71232 

Sand .... 

Indiana, Kansas, Michigan, Minnesota, 


Nebraska, Ohio, Wisconsin .... 

795720 

Fine sand . . . 

Illinois, Indiana, Iowa, Kansas, Michigan, 
Minnesota, Missouri, Nebraska, New 1 



York, Wisconsin 

263564 

Sandy loam ’ . 

Indiana, Iowa, Michigan, Minnesota, Ohio, 

745460 

Washington, Wisconsin 

Fine sandy loam * 
Loam* .... 

Indiana, Michigan, New York .... 

130816 

Indiana, Michigan, Wisconsin .... 

214720 

Silt loam ‘ . 

Illinois, Indiana, Iowa, Kentucky, Mis- 
souri, Nebraska, Rhode Island, Wiscon- 



sin 

1951488 

Clay loam * . . 

Indiana, Iowa, Michigan, Ohio, Washing- 

1831818 

ton, Wisconsin 

Total . . . 


I ^7422760 


'■ Mapped as Marshall gravel in Pontiac area, Michigan. 

’ The soil mapped as Miami gravelly loam in the Big Flats area and Syracuse 
area, New York, is the Dunkirk gravelly loam. 

* The soil mapped as Miami sandy loam in the Grand Forks area. North Dakota, 
is the Clyde fine sandy loam; in the Montgomery County area, Ohio, is Wabash 
sandy loam; and in Posey County area, Indiana, is Wabash fine sandy loam. 

* The soil mapped as M iami fine sandy loam in Posey County, Indiana, and Union 
County, Kentucky, is Waverly fine sandy loam; in the Boonville area, Indiana, is the 
Norfolk fine sandy loam; in the Lyons and Syracuse areas. New York, is Dunkirk 
fine sandy loam; andln St. Claire County, Illinois, is Memphis silt loam. 

®The Miami loam in the Auburn, Lyons, and Syracuse areas, New York;, the 
Columbus, Coshocton, Montgomery, Toledo, and Westerville ar^s, Ohio; the Fargo 
and Grand Forks areas. North Dakota; the Marshall, Minnesota, and Pontiac 
areas, Michigan; and the Viroqua area, ’Wisconsin, is Wabash loam. The soil 
mapped as Miami loam in Tazewell County, Illinois, is Sioux loam, and that 
mapped as Miami loam in the Janesville area, Wisconsin, is the Sk)ux sandy Iqam. 

* The soil mapped as Miami silt loam in the Syracuse area, New York, is IJankirk 



SURVEYS BY THE UNITED STAGES BUREAU 135’ 

than the corresponding members of fhe Marshall series, b^t they do not pro* 
duce as large yields of com. 

“The clay loam is the most important for general farming, and forms the 
principal type of soil in western Ohio and central and eastern Indiana. It is 
especially well adapted to small grain and grass crops. The silt loam is more 
roiling and hilly than the clay loam and is not so well suited to general 
fanning. Wheat does better upon it than upon the Marshall silt loam, with 
which it is closely associated, but the yields of com are considerably less. 
It is also well adapted to fruit, especially apples. The sandy loam and fine 
sandy loam are used for general agriculture, but are especially adapted to me- 
dium and late truck crops and fruit. The loam is suited to com and potatoes, 
while small grain and grass are grown, but with less success than upon the clay 
loam. Strawberries and raspberries, as well as other small fruits, do well on 
this type. The stony sand, gravelly sand, and gravel are not of much agricul- 
tural value under present conditions. The stony loam is a good general farm- 
ing soil, is also well adapted to apples, and furnishes excellent pasture, while 
in New York alfalfa is grown upon it very successfully. The stony sandy 
loam and gravelly sandy loam are not strong soils, but are fairly well suited 
to light farming, fruit, and truck. The sand and fine sand are not adapted 
to general farming, but are the best early trucf soils of this section. 

“The acreage of the different types so far encountered is shown in the 
preceding table.” 


silt loam, and that mapped as Miami silt loam in Clinton^nd St. Claire counties, 
Illinois, is Marshall silt loam. 

^ The soil mapped as Miami clay loam in Toledo area, Ohio, is Dunkirk clay * 
loam, and that mapped as Miami clay loam in the Stuttgart area, Arkansas, is 
Crowley silt loam. 



CHAPTER IX 

SOIL ANALYSIS BY THE UNITED STATES BUREAU OF SOILS 


The United States Bureau of Soils Bulletin 54 (December, 
1908), on “ The Mineral Composition of Soil Particles,” contains 
data from which can be computed ‘ accurately the total amounts 
of phosphorus, potassium, magnesium, and calcium, in the ignited 
surface soil, of twenty-seven important soil types of the United 
States. The loss on ignition of ordinary soils usually approaches 
10 per cent, and includes chiefly the combined water, organic 
matter, and more or less carbon dioxid, if carbonates are present; 
consequently, the results given on the basis of ignited soil are, as a 
rule, about one tenth higher than if given on the usual basis of 
dry soil. 

The following general statements regarding these soil samples 
are made by the Bureau of Soils (Bulletin 54, page 15) *. 

“Our extensive collection of soils from important and well-marked soil 
types enables us to select samples fully representative of the soils of the country. 
Accordingly, agricultural soils of known character were selected so as to include 
those from various geographical sections and from a number of soil provinces. 
Thus we have taken soils from the Coastal Plains, the Piedmont region, 
glacial soils, nonglacial soils of the interior, and those of the arid region, the list 
comprising 27 soil types.” 

We have but two soils of the arid region to compare with the twenty-five 
of the humid region. The latter were collected to represent soils of all classes 
those of low, of medium, and of high productivity; sandy soils, clay soils, 
calcareous soils, and those intermediate between these extremes. They may 
taken as fairly well representing the humid soils. The two arid soils cannot 
be considered to represent so well those of the region because of their limited 
number and similarity of texture, both being fine sandy loams.” 

Plains soils have resulted, to a large extent, from material 
, e from the Piedmont Plateau and deposited in water at lower; levels. 


example (Bulletin 54, page 4 ), that 
Wrdtown loam contains 29.5 per cent of sand, 55 per cent of silt, per 

in th I’ particles contain is'.oi jwr cent 

in the sand, .02 per cent in the silt, and .03 per cent in the day. 


136 
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They have suffered from decomposition and solution more than have the 
Piedmont and Appalachian soils, and there has often been a greater separation 
of the finer from the coarser particles.” 

“The tables show that the residual soils, Chester mica loam, Porter’s black 
loam, and Cecil clay, contain more plant-food constituents than do the Coastal 
Plains soils. This is especially true of the phosphorus, the potassium, and the 
magnesium,” 

“The sandy and the silty glacial soils are somewhat similar in percentage 
composition. Owing to the latter consisting to so large an extent of such fine 
particles, it might have been supposed that decomposition and leaching would 
have affected them more ... but the silty soils are loessial for the most part, 
^d wer^formed from material blown by winds from glaciated areas and 
deposited where now found, or of material that has since been reworked by 
water. Minerals rich in alkalis and alkaline earths, being relatively easily 
crushed, would form a larger percentage of these silty soils than they do of the 
original glacial soils; so that even if there has been a tendency to impoverish 
them by leaching, their originally greater richness enables the loessial soils 
to compare well with those strictly gladal.” 

In Table 22 are reported the total amounts of phosphorus, po- 
tassium, magnesium, and calcium found by the Bureau of Soils in 
2 million pounds of ignited soil for the surface soil of each of the 
27 type soils, and also the amounts in the acid-soluble portion of 
one subsoil, or underlying greensand marl. 

While these soils “ were selected to represent all classes — those 
of low, of medium, and of high productivity,” Bulletin 54 gives no 
information as to the agricultural value of the different soils. 
Fortunately, the Annual Reports of the Bureau of Soils contain the 
descriptions made by the soil survey men concerning the common 
crops and normal crop yields ‘produced on each of these soils, and 
thus a correlation is made possible between chemical composition 
(as receritly determined by actual ultimate analysis) and produc- 
tive capacity, of these important and extensive types of soil (as 
reported in previous years from field investigations). Even here 
the student is advised not to accept opinions expressed, predictions 
made, or conclusions drawn, unless clearly supported by chemical 
facts or by long-continued agricultural experience. 

In each of the following descriptions the first paragraph is quoted 
from Bureau of Soils Bulletin 54. (December, 1908), and the 
second paragraph is quoted from the Annual Report of the “ Field 
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Operations of the Bureau of Soils ” for the year designated. For 
convenient reference, the number of pounds of phosphorus shown 
in Table 22 is given at the beginning of the second paragraph in 
each description, not that the supply of the one element always 
correlates with productive power, but because it does so more 
frequently than any other. 

Soils of the Arid Region 

Fresno fine sandy loam (California) “is , composed largely of silt to fine 
sand. It is locally known as ‘white-ash land,’ from its color and its physical 
character. The soil has probably been derived from volanic ash, but light- 
colored loams and sands have also contributed to it. The soil lies flat and 
works well, unless it be puddled, when water penetrates it slowly and hard 
clods or lumps form on drying. The lower subsoil is - heavier, a blue clay 
being encountered at the depth of a few feet. Because of the poor drainage 
or light rainfall, this soil generally contains alkali, ” 

(1830 lb. P.) “Was originally considered extremely productive, and is now, 
where the drainage is good. Some of the first colonists settled on this land 
through choice. ” (Report for 1900, page 46.) 

Indio fine sandy loam (California) “is made up of clay, silt, and the fine 
grades of sand. The clay is so flocculated that the soil in its field condition 
is lighter than the mechanical composition would indicate. The soil was mainly 
formed by erosion from adjacent mountains, the material being deposited 
in a bay or arm of the sea, but it has been, greatly modified by wind action. 
It contains micaceous grains and minute shells. The soil ranges in depth from 
2M0 s feet and is underlain with sandy loam or sand. The surface usually 
has a uniform slope and is generally well drained, but its high capillary power 
draws much water to the surface, causing an accumulation of alkali by its 
evaporation. In the lower levels the alkali is present in injurious amounts. 
Owing to insuflSicient rainfall, the salts are not washed out of this soil so well as 
might be expected from its physical character. ” 

(2090 lb. P.) “Where not too strongly alkaline, it will produce in abundance 
any of the crops suited to the climate.” (Report for 1903, page 1255.) 

Coastal Plains Soils 

LeonardUrwn loam (Maryland) “consists of a yellow silty loam, fine and 
powdery when dry, but puddling to a plastic mass when thoroughly wet. 
The subsoil consists of a brittle mass of interlocking clay lenses, lumps, and 
fragment^ separated by seams and pockets of medium to fine sand. This 
subsoil is as impervious as clay, owing to its peculiar shingle-like structure. It 
is an u|fl^d^il, and is generally slightly rolling. 

(ifioltr. P.) “Co^^ about 41 per cent of St. Mary County. . . . This 
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soil has been cultivated for upward of two hundred years, but it is now little 
valued and is covered with oak and pine over much of its area. It is worth 
from $i to $3 an acre. The cultivated areas produce small crops of corn 
wheat, and an inferior grade of tobacco.” 


To this statement of facts is added the opinion that “ the 
generally low estimation in which land is held is probably wholly 
unjustified. ... In texture, in chemical composition,^ and in 
general agricultural value (when carefully and intelligently 
farmed) these lands compare favorably with the Hagerstown loam 
of western Maryland and Lancaster County, Pa., which are con- 
sidered the most valuable soils of the Atlantic States for gener^ 
farm crops.” (Report for 1900, page 33.) 

The Bureau of Soils also reports that 45,770 acres of this type of 
soil are found in Prince George County, which borders the District 
of Columbia on the east and south, concerning which the Bureau’s 
Report for 1901 contains the following statements: 


The soil IS not adapted to tobacco, and has consequently been allowed 
0 grow up to scrub forests, so that large portions of it are at present uncleared, 
few bought for $1.50 to $5.00 an acre, even within a 

uTovIh 1 and, when 

cultivated, the niethods have not been such as to promote fertility. It is fre- 

w7obtai^S ^ fewplaces, good yields of wheat, corn, and grass 


And to this statement of facts is also added the opinion that 
upon the whole it is one of the most promising soils ^ of the local- 

good crop yields that tV.- P contain sufficient plant food for 

actual yield of plants adapted^tothT^'-ia^ indefinitely maintained, and that the 
conditions, upon the cultural meth favorable climatic 

(1903). They furalsrime^nfo^t^” Bureau of Soils Bulletin 22 

handled ” : ''^bat is done when this soil is “properly 

content of so^Mvra XL 

as or 30 bushels. ^ ^ per acre differ as much as from 4 bushels to 
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ity, although it is not so considered by the resident fanners.” 
(Report for 1901, page 45.) 

Norfolk sand (Maryland) “is a coarse to medium orange or yellow sand, 
having a depth of about 10 inches. The subsoil is coarse to medium, becom- 


“ As bearing upon this point of the association or nonassociation of high analyti- 
cal figures with large crop yields, no more striking evidence occurs to us than the 
following letter written by Mr. Taylor, May 26, while in the field in St. Mary County, 
Md., and forming a part of his regular reports to the Bureau at Washington: 

“‘At Park Hall, upon the farm of Mr. S — , who is recognized as one of the 
best farmers of the community, I secured some samples of the Leonardtown loam 
from a wheat field which will produce from 30 to 35 bushels per acre this season. 
The land was in tobacco last season, upon which barnyard manure and 400 pounds 
of fertilizer had been used. Nothing was added when the wheat' was sown. 
The land was plowed about 8 inches deep. The soil lacked the usual grayish, 
ashy appearance of the Leonardtown loam, and, owing to cultivation, was loose 
and mellow to a depth of over two feet. One of these samples was compared with 
one taken from another wheat field upon the same type, where the yield would not 
be over 6 or 8 bushels. This latter land was farmed by negroes, was in wheat 
last year, and produced a fair crop, so it is said. No manure but a little guano 
was used last fall. The ground was uneven on the surface, and below the first 4 
or 5 inches the soil was hard and compact. A comparison of the analyses is given 
below: 


Parts per Million of Oven-dried Soil 


Condition 

Per Cent 

OF 

Moisture 

Phosphoric 

Acid 

(PO*) 

Nitric 

Acid 

(NO,) 

Calcium 

(Ca) 

Potas- 

sium 

(K) 

Good wheat; 






First foot . . . . ’ . 

14.2 

2.90 

13.22 

14.33 

24.36 

Second foot 

19.9 

372 

10.91 

12.52 

24.80 

Poor wheat : 

First foot 

14.7 

4.72 

15-34 

7.91 

35-40 

Second foot 

19.9 

4-34 

II. 16 

4.15 

30.38 


It will be noted that the poor soil shows more water-soluble plant food with all 
elements except cal^ura. Other data reported show that the pounds of water- 
soluble calcium per million pounds of oven-dried soil of the Leonardtown loam 
vaned from 2.66 to 29.52 in|he first two feet where the soil was in “good condition," 
and from 3.95 to 24.99 where the soil was in “poor condition. ” 

It appears, however, that the conclusions of Whitney and Cameron even con- 
cerning the nonrelationship between crop pelds and water-soluble plant food are 
wrong. Professor F. H. King, a inost careful investigator of the highest integrity, 
as the result of two years’ experiments, including many determinations made during 
the crop season, before severing his connection with the Bureau of Soils, was led 
to the following conclusions; 
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ing loamy at about 3 feet. It is a common type of soil in the Atlantic and 
Gulf Coastal plains. The surface is level to rolling, and the soil is well drained.” 

“Our own observations, published by the Bureau of Soils (Bulletin No. 26), 
have demonstrated that four good soils, observed to produce two and a half times 
the yield per acre of corn and potatoes that four poorer soils did under identical 
treatment, also gave up, when washed three minutes in five times their weight of 
pure water, 2.58 times as much plant food. Not only was there this difference in the 
amount of plant food carried in water-soluble form in the best and in the poorer 
soils, but the amounts of this same plant food taken out of like areas of field by like 
numbers and like kinds of plants during the same time was 3.2 times as great in the 
sap of the plants which gave the highest yields. ” (Proceedings Jamestown Con- 
gress of Horticulture, 1907, page ii.) 

The following tabular statement is a summafy of Professor King’s data secured 
under known conditions from the eight soils mentioned. (See Bureau of Soils 
Bulletin 26, page 120.) It should be stated that each value recorded for plant 
food determined is the average of 28 different determinations. These data are 
certainly far mote trustworthy than the selected results from such miscellaneous 
samples as are referred to by Professor Whitney in Bulletin 22 (see above quotation). 


Average Crop Yields and Mean Amount of Water-soluble Plant 
Food in Four Poor Soils and Four Good Soils for the 
Season of 1903. — By F. H. King 


Poor Soils j 

Good Soils 

State .... 

North 

Carolina 

Maryland 



Pennsylvania 

Wisconsin 

Soil Type. . . 

Norfolk 
Sandy Soil 

Selina 

Silt Loam 

Norfolk Sand 

Sassafras 
Sandy Loam 

Average of 

4 Poor Soils 

Average of 

4' Good Soils 

Hagerstown 
Clay Loam 

h 

w 

Janesville 

1 


Crop Yields per Acre: Average of Five Plots for Each Soil 


Com, bu. . . 
Potatoes, bu. . 


36.3 

38-9 

29.6 

29 s 

33 - 6 | 

643 

529 

54-7 

8or4 

69-3 

47-7 

70.4 

102.7 

93-4 

78.^ 

213.2 

168.0 

157.0 

290.5 

237.1 


Pounds of Water-soluble Plant-food Elements in 4 MiLuo?! 
Pounds of Soil: Average of 28 DETERMiNAnoNS, for Each Son. 


Nitrogen ... 

8-3 

6.0 

8.1 

7.7 

7-si 

V-3 

15.0 

23.7 

► 34-6| 

11.9 

Phosphorus . . 

10.4 

10.8 

IS-2 

II.9 

1 2. 1 

22.2 

18.3 

15.6 

30.d 

24-7 

Potassium .. . . 

47-5 

42.7 

46.5 

47.1 

46.d 

69^3 

48.9 

60.4 

99:9 

68.0 

Magnesium . , 
Calcium . . . 

Sulfur . . . . 

44-7 

45-1 

42.2 

4^5 

444 

91.1 

78.0 

69.1 

115^ 

102. 1 

91.6 

1 14.9 

94-5 

100.8 

loo.q 

264.8 


243.4 

293.6 

277.7 

62.3 

71.9 

$0.2 

83.1 

66.dl 

156.9 

151.6 

704,9 

217.9 

183.1 
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(520 Ib. P.) “ Very poorly adapted to general farm crops, and little success 
is attained with either com or wheat, and none of the grasses do well. ’’ (Report 
for 1901, page 46.) 

Norfolk loam (Maryland) “is a mellow brown sandy loam to a depth of about 

9 inches. The subsoil to 36 inches is a medium to heavy loam, which is often 
underlain by fine yellow sand. In the area from which the samples were 
taken it has a slight elevation and is gently rolling. It is usually well drained. ” 

(610 lb. P.) “The principal crop grown is wheat, which yields 20 to 30 
bushels per acre on the heaviest phase of the type in fair seasons and from 15 
to 20 bushels on the lighter areas, these yields depending largely on the amount 
of fertilizer used. ... It responds readily to applications of fertilizer and 
lime.” (Report for 1903, page 172.) 

Orangeburg sandy loam (Alabama), “locally called ‘red lands,’ is a brown 
to a reddish brown light sandy loam, 4 to 15 inches deep, resting on a friable 
brick -red sandy clay subsoil. The surface is rolling. It is generally well 
drained, although there is a tendency to form a ‘plow sole’ or ‘ hardpan.’” 

(520 lb. P.) “Practically all of this type is under cultivation, and is highly 
prized for the production of cotton. The yields are not so high in some in- 
stances as on the Houston clay and other prairie types, but it is considered a 
safer soil from year to year than the prairie type. Cotton yields from one 
half to I bale per acre. As much as i| bales per acre has been produced 
where the land has been heavily fertilized. Very little corn is grown, as it is 
claimed that the yields are generally light. The difficulty here, as with the 
Orangeburg fine sandy loam, is that the soil proper is shallow.” (Report for 
1905. page 436.) 

In the same report (page 438) the Orangeburg fine sandy loam, 
mentioned above, is described as follows: 

“ Cotton is the principal crop grown on the Orangebui^ fine sandy loam. 
The yields range from one fourth to i bale per acre, depending upon the amount 
of fertilizers used and the methods of cultivation. It is not considered a good 
com soil, and, as a result, not much corn is planted. Com yields range from 

10 to 20 bushels per acre.” 

Crowley silt loam (Louisiana) “usually has a surface of about 16 inches. It 
IS of a brown color when wet, but ash gray when dry. It. is composed of fine 
sand and silt; with sufficient day to render it rather impervious. If stirred when 
wet, it puddles somewhat. This soil is underlain by a day of mottled brown 
and yellow color, with brick-red streaks and blotches. The subsoil is h%hly 
impervious and the surface level, so that the soil has very poor drainage. The 
samples analyzed are from level prairies in southern Louisiana. ” 

(1220 lb. P.) “From the time that the Crowley silt loam was first cul- 
tivated, rice has been the only crop to receive attention. Nothwithstanding 
this a)n^ued tumual.cropping vrith the same crop, without attempting in any 
way to m^nfm ttie |Jroducti\®ness of the soil, there, has as yet been no d^ 
crea^ & I^eport for 1903, page 470.) 
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Orangeburg fine sandy loam (Texas). “Varies in color, being red, brown, 
or gray. It is a light sandy loam, generally carrying iron concretions. The 
subsoil is red, friable, sandy clay. The type occupies the upland and has good 
natural drainage.” 

(960 lb. P.) “Cotton is the principal crop raised upon this soil. Yields from 
one half to three fourths of a bale per acre are secured. Com does fairly well. ” 
(Report for 1903, page 495.) 


Glacial or Loessial Soils 

Shelby sill loam (Missouri) “ is a silty soil of medium depth and of a light 
gray color when dry; dar^gray when wet. It grades into a stiff, impervious 
silty clay, plastic and waxy when wet, friable and loamy when dry The sub- 
soil is a dark mottled clay. It is level or gently rolling. The original growth 
on this type of soil was the prairie grasses. ” 

(1920 lb. P.) “The following yields are secured on this soil in good seasons : 
Hy, from 2 to 3 tons; com, from 35 to 40 bushels; oats, 30 to 60 bushels; 
Wheat, IS to 20 bushels, but uncertain; Kafir com, 20 to 40 bushels; mil- 
let, 30 to 40 bushels of seed per acre. The Shelby silt loam is a typical 
grass soil. (Report for 1903, page 884.) 

^ MarMloam (Minnesota) “is a somewhat heavy loam from 10 to 12 inches 
in depth and of a dark brown color. Under this is a stiff, sticky yellow subsoil 
to a depth of about 3 feet. Below this is a stiff bowlder clay, mottled yellow 
and gray. The type is generally rolling and well drained. Bowlders and 
glacial gravel occur to some extent over this soil.” 

.nilf? Marshall loam is the safest soil in the area, as it is the 

mrr,ir/“'f “it '“t' “ • • • The MarshaU loam, taken 

onLmiof S * “ production of wheat, 

pag“ produced.” (Report for 1903, 

witfrlrk > "roMy, chocolate.colored silt loam 

he»m« ^ ^ I “Oisr- It contains a large amount of sOt, and 

I' about rotaches deep. The sub- 
glacial eraveUr'^tli a‘*ty clay, about 3 feet deep, and rests upon a 

ow« im^of Tito soil pruLbly 

The t™ is rollimr characterisucs to the inSuence of this limestone. 

grass 5 ^f the llgL" Pr*™ 

regim^°foLfi . 7 ']'* ''"“a tlP® “f the 
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8 graywhendry. Its depth is about 8 inches. It is underlain by several 
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feet of stiff, yellow, silty clay that is always mottled with gray, showing poor 
drainage and deration. This type originally consisted mainly of timber lands 
and oak openings. ” 

(2100 lb. P.) “The crop yields on the Edgerton (Miami) silt loam average 
from 45 to 50 bushels of com per acre, about 40 bushels of oats, from i to ij 
tons of hay, and from 1100 to 1200 pounds of tobacco,” (Report for 1902, 
page S 57 -) 

Marshall black clay loam (Illinois) “is a heavy, somewhat sticky, granular 
clay loam, containing a large percentage of silt and organic matter. It has 
a depth of about 18 inches. The subsoil is a mottled yellow or drab-colored 
sticky, silty clay. This soil type has formed where the natural drainage was 
poor. The surface is level. In its original condition it was wet and swampy 
and required thorough drainage. ” 

(2970 lb. P.) “There are few soils more productive than the Miami (Mar- 
shall) black clay loam. Some areas have been cropped almost continuously 
in com for nearly fifty years without much diminution in the yields, but the 
effect will undoubtedly be seen if the practice is continued much longer. ” 
(Report for 1903, page 787.) 

Marion silt loam (Illinois, gray silt loam on tight clay) “consists of a light 
brown to whitish very silty loam, containing very little organic matter. Its depth 
averages 12 inches. The soil cakes on drying, but breaks down into flourlike 
dust when pulverized. The subsoil is heavier, and contains more clay. It is so 
impervious to water as to be locally called hardpan. The lower subsoil is a 
hard, silty, mottled yellow clay, often containing iron concretions. Below 4 
or 5 feet, more or less gravel is found. The type is level or slightly rolling. 
The soil has very poor natural drainage, owing to the rather impervious 
subsoil and the level surface. While of loessial origin, this soil has been 
largely formed from sandstones and shales ground up by glaciers.” 

(1050 lb. P.) “The average yield of com is not much more than 15 bushels 
per acre. . . . The Marion silt loam is not a strong soil, and is not well adapted 
to general farming purposes. The small yield of corn indicates that it is not 
a good soil for that crop, although the profit from corn, according to many 
farmers, is as much as from other crops. ” (Report for 1902, page 542.) 

Miami sand (Ohio) “is a coarse to medium loose and deep yellowish sand. 
It is underlain by a yellow sand of about the same texture. It is level to rolling, 
and consists of glacial material somewhat modified by wind action. It occupies 
elevated positions, and is well drained. ” 

(2360 lb. P.) “Grass, com, wheat, tmck, and fmit are grown on this soil. 
The quality of these is good, and in some cases better than the produce grown on 
the other soils in the area, but the yield is usually 15 to 30'per cent less, and crops 
sometimes are cut short or fail because of susceptibility to drought. The 
yield of wheat ranges from 10 to 20 bushels per acre, and of com from 20 to 
45 bushels per acre. ... This soil yields from yj to 120 bushels per acre of 
an excellent quality of potatoes.” (Report for 1902, page 394.) 

Wa^sh ham (Ohio) “is a dark brown to black soU of go^ depth, and con- 
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taining a small proportion of the coarser grades of sand. The subsoii is a 
heavy brownish yellow loam overlying a fine gravelly loam. It is a bottom 
land, frequently occurring as terraces. It is generally well drained. It con- 
sists of glacial drift redeposited by stream action.” 

(1570 lb. P;) “One of the more fertile soils of the area. Some of the fields, 
tilled for more than half a century and only moderately manured, still produce 
abundantly. . . . Com yields from 40 to 100 bushels per acre, with the aver- 
age production probably about 75 bushels, and wheat from 20 to 35 bushels 
per acre.” (Report for 1902, page 395.) 

Volusia silt loam (Ohio) “is a gray to brown silty loam with an average 
depth of 8 inches. The subsoil is a light yellow silty loam, mottled with gray 
in its lower portions. It has resulted in most part from the glaciation of shales. 
Its mechanical constituents closely resemble in size those of the soils derived 
from the loess, being composed largely of silt. This is doubtless due to the silt 
in the shales from which this soil type comes in large part. ” 

(1480 lb. P.) “The average yield of wheat is about 20 bushels per acre, 
and yields as high as 30 bushels are not uncommon. Corn, under the best 
cultural methods, will average 40 to 45 bushels per acre. Oats will yield an 
average of 50 bushels per acre, although larger yields are often reported. 
From TOO to 150 bushels of marketable potatoes per acre is the average produc- 
tion of this crop. ” (Report for 1904, page 559.) 

Podunk fine sandy loam (Connecticut) “is an alluvial soil, fonned by the 
reworking by running water of glaciated granites, gneisses, and schists. It 
contains an abundance of micaceous mineral particles visible to the eye. It is 
underlain by fine sand. The soil is of a dark brown color and is well drained. 
The tobacco field from which the sample came had been heavily fertilized for 
years. ” 

(1920 lb. P.) “The type is entirely under cultivation and produces good 
crops of corn, late truck, cucumbers for pickling, and tobacco. The area in 
the latter crop is large, and the yields range from 1700 to 1900 pounds in the 
open field. ” (Report for 1903, page 54.) 

Residual Soils 

Oiwego sUt loam (Kansas) “consists of a dark gray silty loam, varying 
from very shallow to 10 inches deep, which grades into a stiff clay, becoming more 
impervious with depth. It becomes hard and compact on drying, but it is easily 
broken up into a mellow loam if plowed when in proper condition of moisture. 
This is an upland type, and occupies gently rolling prairies. Owing to the 
topography df the country, the type has good surface drainage. The Oswego 
silt loam is derived from the weathering of the underlying rock, this usually 
being sl^^, with occasional interbedded layers of sandstone and limestone. 

(1050 lb. P.) “The %wego silt loam is not a strong s#. .... It is 
better adapted to wheat than to any of the other crops gro^ma^iu the areaj but, 
evelTwith wheat, commercial fertilizer citing about $1.25 an acre is Used on 
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this soil, while none is deemed necessary on the other soils.” (Report for 
i 903 > page 897-) ' 

Wabash silt loam (Kansas) “varies from 12 to 24 inches in 'depth and con- 
sists of a dark brown to black heavy<^ilt loam. It is easily cultivated and 
readily kept in good tilth. The subsoil consists of a compact and rather heavy 
brown or yellowish silt loam. It occurs as long, narrow, tracts in the creek 
valleys and along the outer edges of the river valleys. The type occupies a 
rather low position in stream valleys and on gentle slopes. Its surface is 
nearly level or gently sloping. It forms first bottoms of smaller streams and 
second bottoms of larger ones. It is well drained naturally. The type has been 
deposited by water, the surface consisting largely of material washed from the 
surrounding hills, which are made up of shales and limestones. This wash 
from the hiUs is continually adding to the type. ” 

(1140 Ib. P.) “Com is the most important crop, and yields from 30 to 
75 bushels per acre, 40 to 45 "bushels being an average yield in ordinary 
seasons. Alfalfa, a very important crop on this type, yields 3 to 5 cuttings 
a year, and averages about i ton per acre for each cutting. The average an- 
nual yield is probably 3 or 4 tons of cured hay per acre. Wheat yields from 
20 to 35 bushels per acre. . . . The land is cropped constantly, but as yet 
the yields have not diminished greatly, although no fertilizer and very little 
manure is used. The soil is naturally rich iii organic matter, which may 
account for its continued productiveness. Com is often cropped year after 
year on this type, and no system of rotation is used. ” (Report for 1906, page 
932 .) 

Hagerstown clay (Kentucky) “has a heavy texture, and varies from 3 to 12 
inches in depth. It is yellow or brown in color. The subsoil is a heavy yellow 
clay, extending to a depth of 3 or more feet. This soil type is derived from 
limestones and shales. These rocks offer considerable resistance to disinte- 
gration, and the soil may therefore be more thoroughly leached than would be 
the case were the rocks more readily decomposed. The surface is rather 
rough, rounded hills being dominant features. Surface washing has been great, 
and the soil is generally shallow, the dep|jj| depending on its position. This 
is a residual soil, being formed from the breaking down in place of the underlying 
limestones and shales.” 

(3490 Ib. P.) “Tobacco yields from 800 to 1200 pounds; wheat from 25 to 
35 bushels; com from 25 to 40 bushels; and hay from li to 2 tons to the acre. 

■ • . On the stony phase of this soil the same crops are produced, but the 
yields are lower — tobhcco, 500 pounds; com, about 25 bushels; WReatj less 
than 12 bushels. ... The Hagerstown clay is a good grain and grass land, ' 
but it is rapidly deteriorating from continuous surface washing. . . . j( 7 nles$ ^ 
better methods are speedily adopted, this soil type will soon reach the condidon 
of its stony phase, locally known as the ‘ barren li^tone 'land, ” (Report for 
^903. page 62(fe) w 

Hagerstown ham (Tennessee) “ consists of brown or ydlowish brown mellow < 
loam ^m 9 to 12 inches deep. It is underlain by a yellow d> reddish yellow 
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stiff loam or light clay loam, which becomes a more pronounced red in depth. 
Traces of chert are found in both soil and subsoil. .This type was formed by 
the slow weathering of limestones. In this soil the weathering has been so 
complete and the leaching so excessive^ that the lime of the disintegrated stone 
has been largely washed from the soil. The type has a moderately rolling sur- 
face, and has good surface drainage, but the subsoil is rather impervious. The 
underlying limestone comes near the surface in some places, owing to erosion. ” 

(1050 lb. P.) “The Hagerstown loam is all used in the extensive system 
of general farming which is practiced throughout the area. Com yields from 
IS to 30 bushels, with a probable average of 22 bushels, per acre. Wheat 
yields from 5 to 20 bushels, with an average of 10 bushels, and the compara- 
tively small amount of hay which is grown yields an average crop of i ton per 
acre. ” (Report for 1903, page 584.) 

Houston clay (Alabama) “has resulted from the weathering of rotten 
limestones or chalks of Cretaceous time. Owing to its proximity to the soft 
and easily broken down lime rock, this soil is highly calcareous, and often 
contains lime concretions, especially in the subsoil. It may be considered to 
be of comparatively recent origin and as a residual Coastal Plains soil. The 
soil is a gray, brown, or black loamy clay, 6 inches deep. This is underlain 
with 3 feet or more of heavy gray or mottled yellow clay. The surface is gently 
rolling and the drainage very good. Agriculturally, the soil is lighter than 
would be expected, from its high clay content. This may be due to floccula- 
tion by the high percentage of lime present.” 

(5150 lb. P.) The Houston clay, while clodding badly when plowed too 
wet, and requiring care in its management, is a very strong and productive 
soil.” (Report for 1905, page 464.) 


Cecil clay (North Carolina) “is found on uplands, gentle slopes, and roll- 
ing lands of ■ the Piedmont Plateau. The Cecil clay is a residual soil, result- 
ing from the disintegration of a number of rocks, differing in mineralogical 
characters. Granites, gneisses, schists, and other somewhat similar rocks have 
contributed to the formation of this type, and so thorough have been the dis- 
integration and decomposition tha^the same red clay results from all. There 
is such a gradual change from soil to the parent rock that there is generally no 
sharp line between the two. The soil consists of a heavy red loam, contain- 
ing mariy sand grains of the original minerals forming the rocks from which the 
soil is derived. It is shallow, averaging about 5 inches. The subsoil is a 
stiff, tenacious red clay to a depth of 3 or more feet. It becomes heavier 
at greater depths. Natural drainage is fairly good, probably due to the sand 
and rock fragments contained in soil and subsoil.” 

(960 lb. P.) The soil is generally thin, but can be deepened by proper 
methods of cultivation and by green manuring. When so deepened, it assumes 
e properties of a heavyclay loam, and is very productive. It requires, 
however, considerable car#nd labor to maintain its fertility.” (Report for 
1901, page 55.) / \ 
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The average yields of com, wheat, and oats are reported as 18, 
12, and 20 bushels, respectively, per acre. In the description of 
this same type of soil for the Leesburg area of Virginia, the follow- 
ing statements were recorded by the field men of the Bureau of 
Soils: 

“The soil responds readily to applications of lime, and is much benefited 
by its use. Much commercial fertilizer, as well as lime and barn-yard manure, 
is used on this soil. In fact, so much acid phosphate has been added of late 
years that the land has become quite sour, and it is hardly possible to obtain a 
stand of grass or clover without the use of lime, ” (Report for 1903, page 221 .) 

Porter's black loam (Virginia) “is a loose, mellow black loam, averaging 
about 12 inches deep. The subsoil is slightly heavier and of a light brown to 
yellowish color. In depressions and coves, where wash from the higher ground 
has accumulated, there is no sharp distinction between soil and subsoil, the 
loose black loam being several feet deep. Both soil and subsoil contain frag- 
ments of the rocks whose decomposition has formed the soil — granites, 
gneisses, and schists. This type occurs principally in the coves of the Blue 
Ridge Mountains, but is also found upon the tops and upper slopes. ’’ 

(4630 lb. P.) “Locally the Porter’s black loam is called ‘black land’ 
and ‘pippin land,’ the latter term being applied because, of all the soils in the 
area, it is preeminently adapted to the production of the Newtown or Alber- 
marle Pippin. This black land has long been recognized as the most fertile 
of the mountain soils. It can be worked year after year without apparent im - 
pairment of its fertility,” (Report for 1^2, page 210.) 

Chester mica loam (Maryland) “as its name indicates, is characterized 
by a great quantity of micaceous particles. It is derived from granites, gneisses , 
and other micaceous rocks over which the type lies. It is strictly a resid- 
ual soil and consists of a brownish loam 10 to 15 inches deep, underlain by a 
lighter colored, heavier loam, also containing mica. The surface varies from 
gently rolling to somewhat hilly. ” 

(1130 lb. P.) “It is not naturally a strong soil, but is susceptible of being 
made quite fertile and productive through intelligent tilling and manuring.” 
(Report for 1901, page 222.) 

Collington sandy loam (New Jersey) “has resulted from the weathering 
of the greensand, or glauconite, of New Jersey. The subsoil, which comes 
within 6 or 8 inches of the surface^ is a sticky, tenacious, claylike material, yel- 
lowish or greenish in color. Owing to its relations to the greensand deposits, 
this type differs from the other Coastal Plains soils.” 

(From 260 lb. P. in surface to 27,600 lb. P. in lower subsoil.) “Since millions 
of tons of this greensand marl have been employed as fertilizers, it is at once 
evident that any soil possessing a subsoil of this n^erial will contain more than 
the ordinary amounts of potash and lime. When, in addition to this, its phys- 
ical structure is also well adapted to crop production, it would seem that a 
particularly valuable soil was formed. ... The marl specimen was collected 
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as a sample to show the amounts of plant foods in the material actually used as 
a fertilizer. The potash content is not high for a greensand marl, but the 
phosphoric-acid content is unusually high. The subsoil analysis (by acid 
digestion) reveals the fact that the lime, potash, and phosphoric acid of the 
original material have been extensively dissolved and removed, though fair 
amounts still remain.” (Report for 1901, page 139.) 

Unless otherwise stated, the above quotations from the soil 
survey field men and from Bureau of Soils Bulletin 54 refer specifi- 
cally to the areas in which the samples analyzed (Table 22) were 
collected. 

In general, there is very distinct correlation between the compo- 
sition of these extensive soil types and their natural productive- 
ness as recorded by the soil surveyors themselves some years be- 
fore the chemical analyses were made. It should be kept in mind 
that the data reported in Table 22 are for amounts in 2 million 
pounds of ignited soil, and are thus somewhat higher than, and. not 
strictly comparable with, the results of analyses of the ordinary 
dry soil. It is important, also, to know that most of the 27 type 
soils described are found not only in the state and area in which 
these analyzed samples were taken, but are widely distributed 
throughout the respective formations, as the Coastal Plains, glacial 
areas, Piedmont, or other regions. Thus the 1903 Report of Field 
Operations of the Bureau of Soils mentions that Norfolk sand was 
found that year in New York, Delaware, Maryland, Virginia, North 
Carolina; Georgia, Florida, and Alabama; and Marshall black clay 
loam has been reported for Ohio, Indira, Michigan, Wisconsin, 
Illinois, Iowa, Minnesota, South Dakota, and- North Dakota. 

The Bureau of Soils includes in the one soil t)q)e {Marshall silt 
loam) the common brown silt loams of the Middle and Upper 
Illinoisan glaciations, of the Pre-Iowan, Iowan, and Early Wiscon- 
sin glaciations, in Illinois, as well as soil in the Janesville ^d 
Viroqua areas of Wisconsin, in the Grand Island and Staunton 
areas of Nebraska, .and in the Jamestown area of North Dakcrta, 
wit^other areas in Colorado, Minnesota, Kansas, Missouri, 
Indiana, and Louisiana; but it is apparent that the'ii^ate 
chemical composition of the soil is not considered the 
^aracteristics required by the Bureau for a soil type -Thi® the 
MmhaU sUt loam (brown silt loam) of theMiddle Illhioisan.^ia- 
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tion contains 1170 pounds of total phosphorus in 2 million of dry 
soil (see Table 15), while 2450 pounds are reported in 2 million 
pounds of ignited soil of the Wisconsin area (see Table 22). Doctor 
Fraps finds 480 pounds of acid-soluble phosphorus in 2 million 
pdunds of the Houston clay of Texas from samples furnished him 
by the Bureau of Soils, while Table 22 shows 5150 pounds of total 
phosphorus in 2 million pounds of ignited Houston clay of Alabama. 
The Texas soil is evidently very deficient in phosphorus, but this 
is certainly not the case with the Alabama soil, which, it will be 
seen, outranks in phosphorus content every other soil reported in 
Table 22. The Bureau of Soils has not reported the ultimate chemi- 
cal analyses of different samples of the same type soil from different 
areas, so that it is impossible to make any such comparative study 
from the Bureau’s data alone. 

In the author’s opinion, the exact chemical data from which 
Table 22 is derived, and the careful descriptions given of the type 
soils analyzed, constitute the most valuable contribution of the 
United States Bureau of ‘Soils to American agriculture. This 
absolute invoice of plant food, together with the description of 
physical properties, crop adaptations, and topographic features, 
furnishes a basis for the intelligent consideration of possible 
permanent and profitable systems of agriculture. Actual field 
experiments, to detemine the rate at which the plant food can be 
made available, are lacking, and no report is made of the liitrogen 
content of the soils or of the limestone present or required. The 
percentages of “ lime ” .(CaO) and magnesia (MgO) are given in 
Bulletin 54, but these signify little or nothing in relation to lime. 
Even the very acid Marion silt loam of Clay County, Illinois (gray 
silt loam on tight clay), is reported by the Bureau to contain .56 
per cent of CaO (5.6 tons in 2 million pounds of soil), whereas it 
contains neither calcium oxid nor calcium carbonate, the calcium 
present existing usually in acid silicates. 

In general, the work of the Bureau of Soils has Been directed 
toward a study of crop adaptafipn, in accordance with a somewhat 
prevalent notion that every soil is intended to grow some definitp 
crop or crops, and that success will be attained if the proper crop" 
is found for the special soil. While all must recognize that Uie 
natural adaptation of soil and crop is an Important factor in 
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cases, in the author’s opinion it is a matter which has been given 
undue consideration in comparison with other extremely important 
factors. 

Even in the common practice of agriculture, soils at first well 
adapted to the growing of a certain crop do not remain so adapted. 
The fact is too well known to need illustration that specific crops 
are often grown with success for years finally to fail and be aban- 
doned for some other successful crops, which in turn finally give 
way to others. Thus good wheat land finally becomes poor wheat 
land, but still remains good for timothy hay, which in turn gives 
way to red top, and this may be followed by partial abandonment 
of the land for crop pfoduction. 

At any stage in this process of soil depletion, the land may be 
restored to its original power to produce wheat, by adopting the 
proper systems of soil enrichment. 

When land refuses longer to grow any crop which it has formerly 
produced with satisfaction and profit, the landowner should, as 
a very general rule, find out what the trouble is, and then proceed 
to remedy it; but, instead of meeting and overcoming such diffi- 
culties, the American farmer has literally run away from them; 
either by seeking newer lands or by adopting any other crop which 
the land would still produce. 

common staple crops can be grown on almost any soil 
If It IS well drained, well watered, and sufficiently rich. Of course, 
the matter of crop adaptation must not be ignored, but if we would 
grow either plants or animals, we must not neglect the food supply. 



CHAPTER X 


CROP REQUIREMENTS FOR NITROGEN, PHOSPHORUS, AND 
POTASSIUM 

A STUDY of Table 23 is sufficient to make one familiar with the 
requirements of the more important crops of the United States for 
the three plant-food elements that are now recognized as having 
money values in commercial fertilizers. Information is also given 
regarding the amounts of these three elements in different parts of 
the crop, as in grain, straw, corn stover, and cotton stalks and lint, 
in order that it may be known with some degree of accuracy how 
much of each element is removed from the soil in crops and how 
much is sold from the farm in different kinds of farm produce. 
The ideal practice is to return to the soil, either jdirectly or in 
farm manure, all plant food not sold from the farm. 

The data given in Table 23 are on the basis of pounds per acre 
for crop yields which are large, but which, when the best condi- 
tions are provided, have been and may be produced with very great 
profit, — yields that may well stand as ideals, desirable and pos- 
sible to be attained. Approximately proportionate amounts of- 
plant food would be required for any other yields. Thus, if it is 
preferred to plan to make possible yields only one half as large, 
then the amounts given in Table 23 may be divided by two. (In 
Section 3 of the Appendix, data are reported showing the more com- 
plete composition of a much larger number of crops, but the re- 
sults there given are derived from a smaller number of analyses 
than are represented for the crops reported in Table 23; and, 
consequently, some differences are to be expected.) 

The value of the elements is computed on the basis of the present 
market prices for plant food from the most abundant natural 
deposits, delivered in car-load lots to central Illinois, and in suit- 
able condition for direct application to the land. 


Nitrogen in sodium nitrate 15 cents a pound. 

Phosphorus in ground raw phosphate ... 3 cents a pound. 

Potassiinn in kainit 6 cents a pound. 

IS3 
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Table 23. Fertility in Farm Produce 
Approximate maximum amounts removable per acre annually 


Corn, grain 
Corn stover 

Com crop ^ 
Oats, grain 
Oat straw . 

Oat crop , 
Wheat, grain 
Wheat straw 

Wheat crop 
Soybeans , 
Soy bean straw 

Soy bean crop 
Timothy hay 
Clover seed 
Clover hay 
Cowpea hay 
Alfalfa hay 
Cotton lint . 
Cotton seed 
Cotton stalks 

Cotton crop 
Potatoes . 
Sugar beets 
Apples . . 
Leaves . . 
Wood growth 

Total crop . 
Fat cattle . 
Fat hogs 
Milk . . . 
Butter . . 


Nitro- 

Phos- 

Potas- 

Nitro- 

Phos- 

Potas- 


gen 

phonis 

sium 

gen 

phorus 

sium 

Value 

100 

n 

19 

$15.00 

$ .51 

$ 1. 14 

$16.65 

48 

6 

52 

7.20 

.18 

3.12 

10.50 

148 

23 

- 71 

22.20 

.69 

4.26 

27.15 

66 

II 

16 

9.90 

•33 

.96 

II. 19 

31 

5 

52 

4-65 

-15 

3.12 

7.92 

97 

16 

68 

14-55 

.48 

4.08 

I9.II 

71 

12 

13 

10.65 

-36 

•78 

11.79 

25 

4 

45 

3-75 

.12 

2.70 

6-57 

96 

16 

58 

14.40 

-48 

3-48 

18.36 

80 

13 

24 

12.00 

-39 

1.44 

13-83 

79 

8 

49 

11.85 

.24 

2.94 

15-03 

159 

21 

73 

23-85 

•63' 

4-38 

28.86 

72 

9 

71 

10.80 

•27 

4.26 

15-33 

7 

2 

3 

1-05 

.06 

.18 

1.29 

160 

20 

120 

24.00 

.60 

7.20 

31.80 

130 

14 

98 

19.50 

.42 

5-88 

25.80 

400 

•36 

192 

60.00 

T.08 

11-52 

72.60 

3 

0.4 

4 

-45 

.01 . 

.24 

.70 

63 

11 

19 

9-45 

•33 

1.14 

10.92 

102 

18 

59 

15-30 

•54 

3-54 

19.38 

168 

29.4 

82 

25,20 

.88 

4.92 

31.00 

63 

13 

90 

9-45 

•39 

5-4° 

15-23 

100 

18 

157 

15.00 

•54 

9.42 

24.96 

47 

5 

57 

7-05 

■ -15 

3-42 

10.62 

59 

7 

47 

8.85 

.21 

2.82 

ir.88 

6 , 

2 

5 

.90 

.06 

.30 

' 1.26 

112 

14 

109 

16.80 

.42 

6-54 

^ 23.76 

25 

7 

I 

, 3-75 

.21 

-06 

4.02 

18 

3 

I 

2.70 

.09 

.06 

2.85 

57 

7 

12 * 

8-55 

.21 

.72 

9-48 

0.8 

0.2 

O.I 

.12 

.01 

;,oi 

•14 


nitrogen lessThan ^ 1000 pounds of corncobs, containing 2 pounds of 

■utrogen, less than J pound rf phosphorns. and a pounds of potassium. 



CROP REQUIREMENTS 


155 


The figures given in Table 23 are based upon averages of large 
numbers of analyses of normal products, of which some have been 
made by the author and his associates, and many others by various 
chemists in America and Europe. These averages are trustworthy 
for large' crops of good quality. Abnormal or special crops may 
vary considerably from these averages. Thus, we have high-protein 
corn and low-protein com, one strain requiring 50 per cent more 
nitrogen, and somewhat more phosphorus, than the other (Illinois 
Bulletins, 87 and 128); and it has been shown, for example, that 
alfalfa and cowpeas are not only much more productive, but also 
much richer in nitrogen, when grown on normal soils with the 
proper root-tubercle bacteria than without bacteria. On the 
whole, however, it is as nearly correct to say that a fifty-bushel 
crop of wheat requires 96 pounds of nitrogen and 16 pounds of 
phosphorus as it is to say that a measured bushel of wheat weighs 
60 pounds. 

It may be said that other similar crops resemble somewhat 
closely those, given in Table 23 as to plant-food requirements. 
Thus rye and barley are not markedly different in requirements 
from wheat and oats, considering equal yields in pounds of grain 
and straw. Other root crops may be compared with sugar beets, , 
other grasses with timothy, hay from other annual legumes with 
cowpea hay, and other biennial and perennial legumes may be 
compared in a general way with red clover and alfalfa. 

How many years would be required to sell as much phosphorus 
from the farm in cotton lint yielding 2 bales (of 500 pounds each) 
per acre as in 4 tons of clover hay, which may be produced in the 
two cuttings in one season.? Compare the nitrogen and potassium 
contained in 100 bushels of com and in 20 tons of sugar beets. 
Compare wheat and clover in plant-food requirements. 

Assuming, that two thirds of the nitrogen used by the clover 
plant is deposited in the tops and only one third in the roots, and 
that a given soil will -furnish as much nitrogen to a growing clover 
crop as to a growing wheat crop, what is the effect upon the total 
nitrogen content of the soil of growing clover 4 f all of the tops are' 
removed? Compute the cost of commercial nitrogm for a 50-bushel 
crop of com, assuming that 40 per cent of the nitrogen applied will 
be l(»t in drainage waters. 



CHAPTER XI 

SOURCES OF PLANT FOOD 

If the productive capacity of American soils is to be maintained, 
elements of plant food which are present in such small amounts as 
to limit the crop yields even under good systems of farming must 
be returned to the soil as needed, and information is given in Table 
24 to show the average quantifies in pounds of the different valu- 
able elements of plant food contained in one ton of average fresh 
farm manure, rough feeds and bedding, and other fertilizer ma- 
terials. 

In computing the value of plant food in these materials, nitrogen 
is counted at 15 cents a pound and potassium at 6 cents a pound; 
while phosphorus is counted at 3 cents a pound in raw rock phos- 
phate, at 10 cents a pound in bone meal, and at 12 cents a pound in 
acid phosphate, these prices being based upon the usual average 
market values for the standard fertilizing materials in such quanti- 
ties as ought to be purchased by farmers, either singly or by two 
or more uniting. 

From the data given in Tables 23 and 24 it is a simple matter to 
compute the amounts of average manure or other fertilizers neces- 
sary to be applied to the land to replace the plant food removed in 
any rotation of crops. Observe, for example, that a four-year 
rotation, including com for two years, oats with clover seeding 
the third year, and clover for hay and seed crops the fourth year, 
would require 39 tons of manure to supply the nitrogen, 41 tons 
to supply the phosphorus, 40 tons to supply the potassium, ^sum- 
ing the yields given in Table 23, and counting that the clo^fer se- 
cures from the air as much nitrogen as is remov^ in the hay and 
seed crops. Observe that one ton of raw rock phosphate*or one 
t(Mi of steamed bone meal contains more phosphorus than 100 tons 
of average manure. Observe that 250 pounds of phosplA>rus can 
be purchased for $7.50 in ground natural rock phosphate, for $25.00 
156 
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in steamed bone meal, for $30.00 in acid phosphate, and for $65.00 
in “ complete ” fertilizer. 


Table 24. Fertility in Manure, Rough Feeds, and Fertilizers 


Pounds per Ton 

Market Value per Ton 

Name of Material 

Ni- 

tro- 

gen 

Phos- 

phor- 

us 

Po- 

Nitrogen 

PJws- 

Potassium 

Total Value 

Fresh farm manure , . 

10 

2 

8 

$ 1.50 

$ .24 

$ .48 

$ 2.22 ' 

Barnyard manure . . 

10 

3 

8 

1.50 

•36 

.48 

2-34 

Corn stover .... 

16 

2 

17 

2.40 

.24 

1.02 

3.66 

Oat straw 

12 

2 

21 

I.^ 

.24 

1.26 

3-30 

Wheat straw .... 

10 

2 

14 

1-50 

.24 

.84 

2.58 

Clover hay .... 

40 

5 

30 

6.00 

.60 

1.80 

8.40 

Cowpea hay .... 

43 

5 

33 

6-45 

.60 

1.98 

9-03 

Alfalfa hay .... 

50 

4 

24 

7-50 

.48 

1.44 

9.42 

Dried Wood .... 

280 



42.00 



42.00 

Sodium nitrate . . . 

310 



46.50 



46.50 

Ammonium sulfate . . 

400 



60.00 



60.00 

Raw bone meal . . . 

80 

180 


12.00 

18.00 


30.00 

Steamed bone meal . . 

20 

250 


3.00 

25.00 


28.00 

Acidulated bone meal . 

40 

140 


6.00 

16.80 


22.80 

Raw rock phosphate . 


250 



7-50 


7-50 

Acid phosphate . . . 


125 



15.00 


15.00 

Double superphosphate 


400 



48.00 


48.00 

Basic slag phosphate . 


160 



16.00 


16.00 

Potassium chlorid . . 



850 



51.00 

51.00 

Potassium sulfate . . 



850 



51.00 

51.00 

K^init 



200 



12.00 

12.00 

Wood ashes * . . . . 


10 

100 


1.20 

-6.00 

7.20 

“Complete” fertilizer’ 

33 

88 

33 

(?) 

(?) 

(?) 

23.00 (?) 


^ About two tons of fresh farm manure are required to produce one ton of com- 
mon barnyard maqj^re six months old, with losses about as indicated. 

* Wood ashes also contain about 1000 pounds of lime (calcium carbonate) per 
ton. 

’ This is the average composition and the average selling price of twelve brands 
of so-called “complete” fertilizer offered for sale in Illinois. Only 70 pounds of 
the phosphorus is guaranteed available, i8 pounds being insoluble. The cost of 
88 pounds <rf phosphorus in raw rock phosphate would be $2,64. 
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If the element calcium becomes deficient in the soil (and it does 
in some cases), the most economic source is ordinary limestone • 
and, if magnesian limestone is applied, both calcium and mag- 
nesium are thus added to the soil. Kainit also supplies magnesium. 

Sulfur would be furnished in applications of acid phosphate, 
land-plaster, potassium sulfate, or kainit, as well as in magnesium 
sulfate and sodium sulfate, both of which are sometimes to be had 
as waste products or by-products. 

Iron sulfate (FeSOj is a common by-product in certain manu- 
facturing processes, and strenuous efforts have been • made from 
time to time to encourage its use as a fertilizer. Since numerous 
investigations have been conducted both in Europe and America 
to ascertain its fertilizing value, it is easily possible to select, from 
the many results thus secured, some few which indicate appre- 
ciable or even marked benefit. These results, however, have 
failed of verification. As a general average, iron sulfate produces 
less benefit than land-plaster, and sometimes detrimental effects 
are shown. A fair consideration of all results of carefully con- 
ducted experiments certainly leads to the conclusion that the use 
of iron sulfate as a fertilizer cannot be recommended in systems 
of soil improvement; although, like common salt (NaCl), it may 
sometimes produce a stimulating action sufficient to cover the cost 
where it can be secured at less expense than land-plaster, common 
salt, or other soluble salts. 



PART II 

SYSTEMS OF PERMANENT 
AGRICULTURE 

For practically all of the normal soils of the United States, and 
especially for those of the Central states, there are only three con- 
stituents that must be supplied in order to adopt systems of farm- 
ing that, if continued, will increase, or at feast permanently 
maintain, the productive power of the soil. These are limestone, 
phosphorus, and organic matter. The limestone must be used to 
correct acidity where it now exists or where it may develop. The 
phosphorus is needed solely for its plant-food value. The supply 
of organic matter must be renew'ed to provide nitrogen from its 
decomposition and to make available the potassium and other 
essential elements contained in the soil in -abundance, as well as 
to liberate phosphorus from the raw mineral phosphate naturally 
contained in or applied to the soil. 

Other fertilizer materials have some value, and sometimes great 
value, oh uncommon or abnormal soils, and certain other substances 
are powerful soil stimulants, especially on soils deficient in organic 
matter; and, if applied with intelligence, they may sometimes be 
used temporaril]^ with advantage and justification, but they are 
unnecessary and, as a very general rule, they are unprofitable, in 
good systems of soil improvement. 

There are, of course, numerous and more or less extensive 
areas of abnor®ial soils, such as the residual sands and the peaty 
swamp lands (both of which are very deficient in potassium), and 
also soils exceedingly rich in phosphorus, as in the geologic neigh- 
borhood of the natural phosphate depc^its in the Central Basin of 
Tennessee and the Blue Grass R^on of Kentuckji^ 
m 



CHAPTER XII 

LIMESTONE 

Calcium carbonate, in the form df chalk or marl, has been used 
for soil improvement since the beginning of agricultural history. 
Large use has been made of these natural materials in England and 
France, especially. An English record of 1795 mentions the “ pre- 
vailing practice of sinking pits for the purpose of chalking the 
surrounding land therefrom,” and states that “ the most experi- 
enced Hertfordshire farmers agree that chalking of lands so circum- 
stanced is the best mode of culture they are capable of receiving.” 

On the famous Rothamsted Experiment Station it has been found 
that the fields that had received liberal applications of this natural 
limestone a century ago are still moderately productive, while 
certain fields remote from the chalk pits which show no evidence 
of such applications are extremely unproductive. Director Hall 
of the Rothamsted Experiment Station states that many of the 
fanners in that vicinity are still reaping profitable crops from 
lands enriched by the heavy applications of chalk made by their 
ancestors many years ago. 

There appears to be no record that these easily pulverized lime- 
stone materials have ever been burned in order to increase their 
agricultural value. The productive power and durability of the 
natural limestone soils is indicated by the time-honored truth, 
“ A limestone country is a rich country.” 

Where such natural materials as chalk and marl have not been 
accessible, more or less use has been made of water-slacked or air- 
slacked lime; because, by burning and slacking, limestone rock may 
be reduced to ^wdered form and thus distributed over the land. 

With tlje development of rock-crushing and rock-grinding 
machinery, ^e-ground natural unbumed limestone can be had, 
and where this material can be gotten at reasonable cost, it 
replaces all other forms of lime used for the improvement of nor- 
mal soils. 
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In the “ Georgical Essays ” (1777 edition), we find an article by 
T. Henry, F.R.S., on the “ Action of Lime and Marl as Manures,” 
in which the following statements occur: 

“The lime, that we may come nearer to nature in our imitation, should not 
only be slacked, but be exposed to the open air, and often turned for several 
months, that it may recover its air; for it requires a long series of time be- 
fore it recovers the whole of which^ has been deprived in calcination. . . 

“I find that Etoctor Home thinks that lime produces little effect on vegeta- 
tion till it is become effete. It may be known to have recovered its air by its no 
longer forming lime water, and by effervescing violently with acids without 
growing hot. If, however, the method described in the last note be used, it 
will be sufficient, if the lime be fallen, without waiting for the recovery of its 
air, as this point will be acquired during the long time which the mixture is to 
be exposed to the action of the atmosphere. . . . 

“Upon the whole, may we not conclude that lime, in most cases, is a stronger 
manure, when it has recovered the air of which it has been deprived in calci- 
nation, than it is when brought fresh from the kiln ; and that when procured for 
the purposes of agriculture, its efficacy and permanency will in general be 
increased, by mixing it, in its effete state, with the other ingredients which enter 
into the composition of marl?” 

When limestone is burned, the calcium carbonate (CaCOs) is 
decomposed, the carbon dioxid (CO2) passes off as a gas, leaving 
the product calcium oxid (CaO), which constitutes 56 per cent by 
weight of the limestone used. 

When exposed to the moisture of the air or soil, the quicklime 
(CaO) quickly takes up water and forms calcium hydroxid, 
Ca(OH)2, sometimes called hydrated lime, which means merely 
water-slacked lime. The product is the same whether the slack- 
ing (hydrating) is performed by the manufacturer at large expense, 
or by the farmer at little or no expense. 

When slacked lime is exposed in the air or soil, carbon dioxid is 
gradually absorbed, and the calcium carbonate is thus reformed. 
Thoroughly air-slacked lime is exactly the same material as fine- 
ground limestone. In other words, no matter what form of lime 
we apply to the soil, the benefit derived during the subsequent 
months or years is due to one and the same compound, calcium 
carbonate. 

These facts alone would be suflScient, perhaps, to lead one to use 
ground natural limestone in preference to the disagreeable caustic 
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lime, but there are other facts worthy of the most careful consid- 
eration. 

Burned lime, whether fresh or hydrated, is know^ always as 
caustic lime. According to Webster’s Dictionary, the word caustic 
means “ capable of destroying the texture of anything or eating 
away its substance by chemical action.” This definition well 
describes the action of caustic lime upon the organic matter of the 
soil.' The lime breaks down the ^ganic compounds nnd unites 
with the liberated carbon dioxid or other acid products. Not all 
of the reactions involved are understood, but the general eflFect is 
well known, and its long recognition in European countries has 
given rise to the proverbial expressions, 

“Lime, and lime without manure, 

Will make both farm and fanner poor,” 

and “Kalk macht die Vater reich, aber die Sohne arm.” (Lime 
makes the fathers rich, but the sons poor.) 

Caustic lime is not only a powerful agent in hastening the de- 
struction of organic matter, but it also has some power to increase 
the solubility of phosphorus and potassium, all of which may be 
of special help to legume crops; and if such crops are grown and 
removed from the land and the decaying roots and residues used 
as a further stimulant for the production 6f wheat, com, or other 
crops, more rapid progress can be made toward land ruin than 
where no lime is used. 

On the other hand, even caustic lime can be used with profit if 
ainple provision is made to replace the organic matter destroyed 
and also to restore the phosphorus (and potassium if necessary) 
removed in the crops. 

The caustic action of slacked lime on the skin or flesh is familiar 
to all, but a child can play in ground limestone as safely as in the 
soil of the garden. 

The chief reason, and usuaUy the only justifiable reason, for 
pplying.hme to soils is to correct, or neutralize, soil acidity. The 
fermentation and decay of nearly all forms of organic, matter is 
accompani by the formation of acids, including carbonic acid, 
nitric acid, and various organic acids, such as the well-knowii: lactic 
Cl 0 sour mi k, acetic acid of vinegar from apple juice, ^rai^us 
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acids in ensilage and sauerkraut, etc. Souring is usually the first 
stage in the process of decay of organic matter. 

Thus, there are two principal effects produced by applying lime 
to soils: one of these is to furnish a base for neutralizing the acids 
that may exist in the soil or that may form in such necessary 
processes as nitrification, and the other is.a more active decomposi- 
tion or destruction of the soil jjself, especially of its organic matter 
or humus content. 

To correct the acidity of sour -soils is certainly a very desirable 
and profitable use of lime. Clover, alfalfa, alsike, cowpeas, soy- 
beans, and most other valuable legumes will not thrive on soils 
that are strongly acid.. To be sure, such crops can be made to grow 
on acid soils by liberal applications of farm manure or other fer- 
tilizers, but the nitrogen-gathering bacteria of such legume plants 
do not properly develop and multiply in acid soils, and consequently 
the legumes do not have the power which they should have to 
accumulate large quantities of atmospheric nitrogen by means 
of the root-tubercle bacteria. Furthermore, the process termed 
nitrification by which the nitrifying bacteria transform the in- 
soluble organic nitrogen, in farm manure and plant residues, into 
soluble nitrate nitrogen, the form in which it becomes available 
as plant food, is greatly promoted by the presence of limestone and 
retarded by acid conditions. 

The use of some form of lime for correcting the acidity of soils, 
and thus encouraging nitrification and the growth of clover and 
other legumes with their wonderful power to enrich the soil in 
nitrogen, is certainly good farm practice. Any form of lime which 
is finely divided and can be thoroughly mixed with the soil will 
serve this purpose, whether it be ground limestone, marl, or chalk, 
or fresh-burned lime, water-slacked lime, or air-slacked lime. 

The one effect of. lime, due to its basic property, results in a 
building-up process, through the increased growth of legumes and 
nitrogen-gathering bacteria; while the other effect, the decompo- 
sition of the soil, produced by its caustic property, is in all respects 
a destructive process, serving only to destroy humus and to liber- 
ate and reduce the stock of plant food stored in the soil. Whether 
this second effect is desirable, will depend upon the soil itself. On 
soils which we exceedingly rich in organic matter, such as peaty 
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soils and other swamp soils, it would seem altogether rational to 
make temporary use of caustic lime to hasten the decomposition 
of the soil and consequent liberation of nitrogen, if such treatment 
is necessary, which is not usually the case. 

There may possibly be conditions under which soils contain 
large amounts of phosphorus and potassium which are too slowly 
available for profitable crop production, and in such cases it might 
be good farm practice for a time to make use of lime to hasten 
the liberation of these mineral elements of plant food. We should 
bear in mind, however, that this use of lime on a soil which is already 
deficient in nitrogen, or other plant food, only serves to still further 
exhaust the soil of its meager supply of these elements. Without 
a doubt, this is the most common condition and the most common 
effect of the continued use of caustic lime. It is true that the 
immediate effect is usually somewhat increased crops, but it should 
be borne in mind that when a farmer pays out money for lime to be 
used for this purpose, he is purchasing a stimulant which will ulti- 
mately leave his land in worse condition than before, especially 
in the loss of nitrogen and organic matter. 

Of course, the landowner must be governed somewhat by the 
cost of the material. As a rule, fine-ground limestone will be both 
the best and the most economical form of lime to use, wherever it 
can easily be obtained. If caustic lime be used, we should make 
special provision to maintain the humus in the soil by making 
even larger use of farm manure, legume crops, and green manures. 

It might be expected that burned lime would produce a greater 
increase in the crops for the first year or two than would be pro- 
duced by the ground limestone, more especially where the mineral 
elements, phosphorus and potassium, are not applied; for the 
reason stated, that ground limestone produces only the milder ac- 
tion, chiefly of correcting the acidity of the soil and thus encourag- 
ing the multiplication and activity of the nitrogen-gathering and 
nitrifying bacteria; whereas, the burned lime not only produces 
this same eff^t, but it also acts as a powerful soil stimulant, or 
soil dptroyCT, attacking and destroying the organic matter and 
t us liberatir^ plant food from the soil, usually resulting in more 
or less v^te of valuable nitrogen and humus. 

The mo^t extended investigation ever conducted relating to the 
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use of burned lime and ground limestone in comparative tests is 
reported by the Pennsylvania Experiment Station (Report 1902). 
Four plots were treated with burned lime (slacked before being 
spread) at the rate of two tons per acre once in four years. Four 
other plots were treated with ground limestone at the rate of two 
tons per acre every two years. A four-year rotation was practiced, 
consisting of com, oats, wheat, and hay, the hay being mixed 
timothy and clover, seeded on the wheat land in the spring. By 
having four sets of plots, each crop was grown every year. Seven 
products were obtained and weighed each year; namely, com, 
com stover, oats, oat straw, wheat, wheat straw, and hay. 


Table 25. Pennsylvania Experiments with Burned Lime and Ground 
Limestone 

Twenty Years’ Produce per Acre 


Soa Treatment 

Corn 

Oats 

Wheat 

Hay, 
Tons 
( 19 yr-) 

Grain 

(Bushels) 

Stover 

(Tons) 

Grain i 
(Bushels) 

Straw, 

(Tons) 

Grain 

(Bushels) 

Straw 

(Tons) 

None 

819 

18.8 

678 

14-3 

279 

13.2 

24.9 

Burned lime . . . . 

699 

16.5 

617 

17.8 

3 i« 

14.6 

23.6 

Ground limestone . . 

798 

18.6 

733 

20.4 

331 

16.6 

29.2 


Thus, after twenty years’ results had been obtained (1882 to 
1901), the Pennsylvania Station reports data showing that with 
every product a greater total yield had been obtained from the 
plots treated with limestone than from those treated with caustic 
lime. Furthermore, with every product whose total yield for the 
last eight years was greater than the total yield of the first eight 
years, the limestone produced a greater increase than the caustic 
lime; and with every product whose total yield for the last eight 
years was less than the total yield of the first eight years, the 
decrease was less where limestone was used than where caustic 
lime was applied (oat straw alone excepted). This is significant, 
in that it demonstrates the tendency of caustic lime with continued 
use to exhaust or destroy the fertility of the soil. In discussing 
these investigations. Doctor Frear of the Pennsylvania Station 
says: 
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“ In each case the yields with the carbonate of lime showed superiori^ under 
the conditions of this experiment over those following an equivalent application 
of caustic lime.” ■ 

After these experiments had been in progress for sixteen years, 
the soil of each of the four plots in each tfest was sampled for analy- 
sis. The average nitrogen content for the four plots receiving 
ground limestone was found to be 2979 pounds*per acre to a depth 
of 9 inches, while only 2604 pounds were found in the soil treated 
with caustic lime. This difference of 375 pounds of nitrogen is 
equal to the nitrogen contained in 37I tons of farm manure. Ini 
other words, the data indicate that the effect of caustic lime as 
compared with ground limestone was equivalent to the destruction 
of 37 J tons of farm manure in 16 years, or more than two tons a 
year to the acre. Or, if we count the soil nitrogen worth 15 cents a 
pound (a fair market price), there is a liberation of more than 
$7.00 worth of nitrogen for every ton of burned lime used during 
, the 16 years. 

The estimation of humus in these soils, based upon the determi- 
nation of organic carbon (multiplied by Wolff’s factor, r.724), 
showed the soil receiving limestone to contain 37.9 tons of humus 
per acre to a depth of 9 inches (counting 300,000 pounds of soil to 
the acre-inch), while only 34.2 tons of humus remained in the soil 
treated with caustic lime. If 4 tons of faim manure contain only 
I ton of dry matter (average fresh farm manure contains about 
75 per cent of water), and if 2 tons of dry matter would be re- 
quired to make i ton of humus (when exposed to the weather, 
manure usually loses half of its dry-matter content within one 
year or less), then this difference of 4.7 tons of humus would be 
equal to 37.6 tons of fresh farm manure, which represents the loss 
from the destructive action of caustic lime as compared with 
ground limestone. 

During the 20 years, the land treated with ground hm^tone 
product per acre 99 bushels more com, 116 bushels more oats, 
13 bushels more wheat, and 5.6 tons more hay, than the land treated 
with caustic lime. Counting 35 cents a bushel for com, 30' cents 
70 cents for wheat, and $6.00 a ton for hay, the value of 
the produce from the limestone treatment was $112,15 naori than 
that from the land treated with caustic lime. The total ul^mate 
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effect of the caustic lime for the 20 years was an actual decrease 
in the yields of all crops except wheat; while the ground limestone 
produced an increase in all crops except com, on which the de- 
crease was only one sixth as much as with caustic lime. 

If it is true, as indicated by the Pennsylvania experiments, 
that 8 tons of burned lime, applied during 16 years, released 375 
pounds of nitrogen and destroyed organic matter equivalent to 
37 ft)ns of farm manure, or more than $7.00 worth of nitrogen and 
4 1 tons of manure destroyed for each ton of burned lime used, as 
compared with ground limestone ; and if larger crops were obtained 
where limestone was used, especially where the practice is extended 
over several years, and if the ground limestone is sustaining the 
productive capacity of the soil much better than the burned lime ; 
then, as a very general rule, we should avoid applying caustic 
lime to the land, but make liberal use of ground limestone where 
needed to correct the acidity of the soil and to furnish a natural 
base, although, as used in these Pennsylvania experiments, without 
manure and with no return of plant food, the increase in crop 
yields produced by ground limestone has not been sufficient to 
pay for the heavy applications. 

The Maryland Experiment Station has recently reported experi- 
ments with different kinds of lime, covering eleven years, with a 
rotation of com, wheat, and hay (timothy and clover), 1400 pounds 
of calcium oxid (burned lime) and equivalent amounts of calcium 
carbonate (ground oyster shells and shell marl) having been applied 
per acre at the beginning. Four crops of com, three of wheat, and 
four of hay were harvested during the eleven years, with the follow- 
ing total results per acre: 

Table 25.1. Maryland Experiments with Lime 


Produce in Eleven Years 


Kinds of Lime Used 

Com (Bushels) 
4 Crops 

Wheat (Bushels) 
3 Crops 

Hay (Tons) 

4 Cro{s 

None . . . . 

98 

32 

2.60* 

Caustic lime burned from stone ^ . . 

128 

32 

309 

Caustic -lime burned from shells ^ . . 

129 

34 

3.82 

Calcium carbonate in ground shells 

148 

42 

3-97 

Calcium carbonate in shell marl . . 

14s 

43 

4.29 


* Average of two plc^. 
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In commenting on these results, Director Patterson of the Mary 
land Experiment Station says: “ It will be noted that the car- 
bonate of lime gave decidedly better results than the caustic lime.” 

Neuffer, of Heilbronn, Germany, has published a book entitled, 
“ Das Kalksteinmehi im Dienste der Landwirtschaft ” (The Use 
of Ground Limestone in Agriculture), in which he advises that 
ground limestone, and “ not burned lime,” should be used in the 
improvement of soils deficient in lime. 

Porter and Grant, in a recent Farmers’ Bulletin issued by the 
Agricultural Department of the County Council of Lancaster, 
England, report experiments ofi manured and unmanured meadow 
lands, showing that ground limestone is more profitable as an 
application to grass lands than burned lime, and that it can be 
economically used on grass lands which are in need of lime. 

No trustworthy investigations support the use of burned lime 
in preference to ground limestone; although we have ample in- 
formation showing that on many soils a moderate use of burned 
lime in connection with a liberal use of farm manure and green 
manures yields profitable returns, which would, no doubt, be still 
more profitable if the burned lime were replaced with ground 
limestone. 

The most abundant impurity of limestone is magnesium car- 
bonate, which sometimes occurs in equal molecular proportion with 
calcium carbonate, in wLat is called dolomite (CaCOs MgCOg). 
Limestones containing considerable amounts of magnesium car- 
bonate are also called magnesian limestones, even though the 
proportion of magnesium may be less than in dolomite. 

Dolomitic limestone is usually slightly heavier than ordinary 
limestone, and it is scarcely attacked by cold hydrochloric or acetic 
acid, while pure calcium carbonate is rapidly decomposed, the 
carbon dioxid being liberated as a gas. 

The molecular weights are loo for calcium carbonate and 84 for 
magnesium carbonate, and consequently 84 pounds of the latter 
has the same power to correct soil acidity as 100 pounds of the 
former; or 92 pounds of dolomite will correct as much soil acidity 
as 100 pounds of pure ordinary limestone. 

To determine the amount of limestone present in the soil, or to 
determine the value of a sample of limestone for use on acid soils, 
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it is usually sufficient to determine the content of carbonate carbon 
(or carbon dioxid) and compute from this the equivalent amount 
of calcium carbonate. Of course, this computation would show 
that 100 pounds of pure dolomite would be equivalent to about 
109 pounds of pure limestone. 

Agricultural writers have placed upon record the general opinion 
that magnesian lime is very likely to produce injurious effects when 
use 5 upon the soil. 

In his comprehensVe and very valuable treatise upon “The 
Agricultural Use of Lime,” Doctor William Frear includes the fol- 
lowing comments (Report Pennsylvania State College, 1899-1900, 
pages 14 to 176)': 

“Lloyd states that lime (CaO) is the only material of value in burnt lime 
and applies the adjective ‘bad’ to a’lime containing 60 per cent of lime (CaO) 
and 30 per cent of magnesia (MgO). Low says of the magnesian limestone of 
England: ‘If applied after being calcined, in the same quantity as other limes, 
it produces a temporary sterility, burning, as it were, the soil ; hence, it is termed 
hot lime and is applied in much smaller quantity than other kinds of lime. ’ 
This action he attributes, after Sir Humphry Davy, to the longer period of 
causticity commonly supposed to occur with magnesia. In the form of car- 
bonate, he says, ‘magnesia seems to exercise a highly favorable action; and 
magnesian lipiestone may perhaps be regarded as the most valuable of any, 
since a smaller quantity of it suffices for the ends proposed.’ 

“The subject is quite fully discussed by Storer (Agriculture, 1897, Vol. 
2, page 135), who notes that it was early observed by English chemists that 
certain limestones which had sometimes been found in practice to injure crops, 
contained magnesia, and that Tennant, on applying calcined magnesia to 
various soils with different crops, found that his plants either died, were un- 
healthy, or vegetated very imperfectly ; also, that Knop found, in growing plants 
by water culture (Lc., in very dilute solutions of plant foods), that magnesium 
salts are distinctly harmful unless accompanied by abundance of lime, potash, 
or ammonia salts; by themselves, the magnesium salts caused peculiar mal- 
formations of the plant roots, followed shortly by the death of the plants. 

“Storer notes, on the other hand, that Sir Humphry Davy found that the 
very magnesian limestones to which objection was made, gave very beneficial 
resets on certain soils, and that magnesia, though injurious when present in 
caustic condition in considerable quantity in ordinary soils, may be beneficial 
when mixed with peat or where present as carbonate. ” 

In a recent investigation at Rothamsted, Ashby reports a larger 
fixation of nitrogen by Azotobacter when magnesium carbonate 
was present than when calcium cairbonate was used. For each 
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gram of carbohydrate (mannite) consumed, 8.92 milligrams of 
nitrogen were fixed in 6.6 days with magnesium carbonate, and 
5.80 milligrams in 4.6 days with calcium carbonate. Ashby says 
{Journal of Agricultural Science, January, 1907, pages 46, 47); 

"With magnesium carbonate there was 50 per cent more nitrogen fixed, and 
a delay of two days in development. . . . One must conclude, therefore, the 
magnesium carbonate not only neutralizes more effectually than calcium car- 
bonate any trace of acidity due to foreign organisms in the early stages of 
culture, but also prevents butyric fermentation; but at first it inhibits the 
growth of Azotobacter itself.” 

Table 26 gives the results of an investigation concerning magne- 
sium carbonate conducted with the assistance of the author’s 
students and associates at the University of Illinois. The experi- 
ment bears upon two lines of inquiry — (i) the value of magne- 
sium carbonate for soil improvement, and (2) methods of correcting 
this “ alkali ” when present in injurious amounts. 

Several series of 4-gallon pots were filled with the common 
brown silt loam prairie soil from the University farm, and to five 
of the six pots in each series was added magnesium carbonate in 
amounts varying from .4 per cent to 2 per cent of the dry soil. 
In addition, Series C and F received calcium sulfate in such an 
amount as to maintain the ratio of MgO to CaO = 4- to 7, in ac- 
cordance to Loew’s advocated optimum ratio. 

After the crop of 1904 was harvested, the pots in Series F were 
thoroughly leached in order to remove magnesium, more or less 
of which was expected to react with the calcium sulfate, leaving 
the harmless calcium carbonate. 

The data recorded in Table 26 show a distinct and persistent 
benefit from the use of magnesium carbonate up to .8 per cent of 
the soil, while with 1.2 per cent the plants are very seriously injured 
and with 1.6 percent they are usually so nearly killed as to produce 
no grain, and they are practically all killed with 2 per cent of mag- 
nesium carbonate. 

The application of i per cent of magnesium carbonate would 
requirecb tons per acre for the surface 6f inches, but if the material 
were applied and mixed with only the surface inch by a light har- 
rowing, it would require only ij tons per acre, for i per cent. 
Since pure dolomite would contain only 46 per cent of magnesium 
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Table 26. Illinois Pot-cultuke Experiments 


Magnesium Carbonate in Brown Silt Loam Prairie Soil 


Pot 

“Alkali” Applied 

Amend- 

ment 

Applied 

Additional 

Treatment 

Given 

Yields of Wheat Grain, 

Grams per Pot 

No. 





Kind 

Cent 

1904 1 190S 1 1906 1 1907 1 1908 o.| 1908 R. 


Series A 

: Magnesium Carbonate 


I 

None 

.0 

None 

None 

1523 

10.93 

11.50 

6.30 

8.60 

9.61 

2 

MgCOa 

•4 

None 

None 

21.02 

10.97 

13.20 

9-35 

17.18 

19.18 

3 

MgCOs 

.8 

None 

None 

24.88 

12.57 

12.60 

10-35 

. 8.16 

21.09 

4 

MgCOs 

1.2 

None 

None 

415 

9.02 

9.40 

14.00 

.00 

10.63 

5 

MgCOa 

1.6 

None 

None 

.00 

.00 

.10 

2.10 

3.00 

12.86 

6 

MgCOs 

2.0 

None 

None 

.00 

.00 

.00 

2^0 

70 

2.72 


Series C: Magnesium Carbonate and Calcium Sulfate 


1 

None 

.0 

None 

None 

11.22 

8.94 

12.20 

12.91 

8.00 

6.18 

2 

MgCOs 

•4 

CaSO^ 

None 

27.00 

12.02 

10.00 

8.79 

15.00 

16.32 

3 

MgCOs 

.8 

CaSO. 

None 

24.85 

13-47 

15-70 

8.42 

14.86 

21.15 

4 

MgCOa 

1.2 

CaS04 

None 

5-59 

11.25 

17.80 

10.18 

6.52 

22.50 

5 

MgCOs 

1.6 

CaS04 

None 

.00 

2.03 

1. 16 

8.58 

1.42 

11.98 

6 

MgCOs 

2.0 

CaS04 

None 

.00 

.00 

-50 

6.68 

.62 

3-32 


Series F; Magnesium Carbonate and Calcium Sulfate — Leached 


I 

None ■ 

.0 

None 

None 

13.00 

8.51 

14.20 

6.67 

15.12 

17.40 

2 

MgCO, 

•4 

CaS 04 

Leached ' 

17.12 

13-38 

11.40 

12.39 

12.72 

12.64 

3 

MgCOa 

.8 

CaS 04 

Leached ‘ 

22.35 

14.32 

8.30 

12.60 

13-50 

15.80 

4. 

MgCOa 

1.2 

CaS04 

Leached ’ 

6.72 

14.18 

10.20 

16.66 

12.78 

14-57 

5 

MgCOa 

1.6 

CaS04 

Leached ’ 

3-73 

11-54 

II. 10 

10.75 

10.24 

13-24 

6 

MgCOa 

2.0 

CaS04 

Leached ’ 

.00 

14-15 

10.70 

9-52 

10.22 

13.20 


^ Leached after 1904. 


carbonate, while most magnesian limestones contain a lower per- 
centage, and since thorough harrowing or disking will mix the ma- 
terial with at least 2 or 3 inches of soil, there is no likelihood of 
but beneficial effects from initial applications of 5 or 6 tons 
to the acre, and subsequent applications of 2 tons per acre every 
four or five years would probably never produce injury. On the 
other hand, it is highly probable that the element magnesium 
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applied in-dolomitic limestone may produce quite as much benefit 
for its own sake as will the element potassium on most soils where it 
proves more or less beneficial. (The limestones in Pennsylvania 
tod in the northern parts of Ohio, Indiana, tod Illinois are, as a 
rule, more or less magnesian, containing, as an average, perhaps 30 
per cent of magnesium carbonate and 60 per cent of calcium car- 
bonate, with 10 per cent of impurities, which would be equivalent 
to a purity of 95 per cent for the common limestone.) 

As an experiment, the double decomposition and leaching proved 
a success, as is clearly shown in Series F, pot 6 being ohanged from 
a sterile condition to as productive soil as any. It should be re- 
membered that high temperatures may occur at a critical period, 
and consequently seasonal variations are marked even in glass- 
house cultures. Loew’s ratio finds little support from these data. 

Incidentally, it may be stated that during the progress of these 
experiments, several resistant plants have dev^oped, which 
explains some apparent discrepancies in the yields of wheat from 
pots near the border line of injury; and consequently the seeds 
of these resistant plants have been used in part throughout one 
or more series. In 1908, one half of each pot was planted with 
ordinary (0.) wheat, and the other half with the resistant (R.) 
strain, and, consequently, double the weights harvested are re- 
corded for the 1908 yields. ' 

Amount of Limestone to Apply 

From the information thus far secured, no fixed limits can be 
placed upon th^ amounts of limestone to use as an initial applica- 
tion to acid soils. One ton to the acre is more than enough to 
destroy the acid commonly contained in the plowed soil, provided 
the limestone is sufficiently fine and thoroughly mixed with the 
soil; but, as a rule, it is less expensive to apply more limestone 
and then to allow the mixing to go on more slowly by the neces- 
sary processes of plowing, disking, harrowing, etc., in the regular 
farm operations, keeping in mind also that the heavier the appli- 
cation, the longer it will last. 

About one half of the water that falls in rain and soaks into the 
soil is brought back to the surface from lower depths by capUlary 
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action and evaporated. More or less acidity is thus brought up 
from the acid subsoil, especially in time of drouth, and there should 
be sufficient limestone in the surface to destroy this acidity as it 
rises. Quantitative determinations have shown that to correct 
the total acidity contained in much of the upland soil of southern 
Illinois to a depth of 40 inches would require more than 10 tons 
of limestone per acre. 

It is not necessary to apply such amounts, because the limestone 
does not descend very much below the plowed soil, and the rise of 
acidity from below is only occasional and not rapid. 

It may be said, however, that 10 tons of ground limestone per 
acre would not only do no harm, but would probably produce 
somewhat larger crops than any lighter application. As much as 
10 tons per acre has been applied on an experiment field in southern 
Illinois, and the crop yields on that field have been larger during 
the last three *years than on any other experiment field in that 
area. TWo to four tons per acre, however, have usually produced 
much benefit. 

The author has used 2 to 3 tons per acre of magnesium lime- 
stone on his own southern Illinois farm (gray silt loam on tight clay), 
and as much as 10 tons per acre of the same material has been 
used on another farm with evident benefit. He advises an appli- 
cation of at least 2 tons of ground limestone per acre, where the 
addition of limestone is necessary, believing that less than this will 
not give satisfactory results in practice. Heavier applications will 
give greater profits per acre, but probably*less profit per ton of 
limestone used. 

These two factors, it may be noted, are commonly opposed to 
each other in many farm operations. Thus, farm manure gives the 
greatest profit per acre in heavy applications, but the greatest 
profit per ton* in light applications. With little manure and much 
land we apply the manure lightly, but, with a small area of land 
and large supplies of manure, we apply it heavily. So, with ground 
limestone; If one must cultivate much land and can nse but little 
limestone, apply 2 tons per acre, and plan to apply more in 
later years; but, if one cultivates less land and wishes to improve 
it more rapidly, apply 4 to 10 tons of limestone per acre, and 
it will ^e more marked results and will last much longer. 
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The amount and frequency of subsequent applications will de- 
pend upon the rate of loss by leaching and by removal in crops. 

The soil of the Rothamsted Experiment Station, England, is 
underlain with a bed of calcium carbonate, in the form of chalk, 
at a depth of 8 feet or more; but, nevertheless, the overlying residual 
soil material is normally deficient in limestone to a depth of several 
feet. A century or more ago certain fields were given heavy appli- 
cations of chalk, dug out of pits excavated for the purpose, and the 
fact that some of these fields still contain 50 tons of calcium car- 
bonate per acre in the plowed soil and continue to produce good 
crops, with fair treatment, is proof sufficient that there is no 
danger of applying too much ground limestone. 

During a period of 40 years, from 1865 to 1905, large numbers of 
analyses have been made of the Rothamsted soils. During that 
time, according to Director Hall and Doctor Miller (Proceedings of 
the Royal Society, 1905, Vol. 77), there have been the following 
losses of calcium carbonate from nine different plots on Broadbalk 
Field, where wheat is grown every year: 


Table 27. Losses of Calcium Carbonate from Broadbalk Field, 
Rothamsted, from 1865 to 1905 


Plot 

No. 

Soa Treatment 

Tons per Acre 
IN 40 Years 

Pounds per Acre 
PER Annum 

2 b 

Farm manure 

II.8 

590 

3 

Unmanured 

16.0 

800 

5 

Minerals . . T 

17.6 

878 

6 

Minerals and single ammonium salts . 

235 

1174 

7 

Minerals and double ammonium salts 

20.2 

1010 

8 

Minerals and treble ammonium salts 

235 

1174 

9 

Minerals and single nitrate .... 

II-3 

564 

10 

Double ammonium salts .... 

20.9 

1045 

II 

Double ammonium salts and acid 




phosphate 

28.6 

1429 


The loss of calcium carbonate during the period of 40 years 
ranges from 11.3 to 28.6 tons per acre. The average annual loss 
where ammonium salts have been applied is 1170 pounds, but with 
no ammonium salts the average loss is only 710 pounds a year, or 
about one ton per acre in three years. 
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From eight plots on Hoos Field, where barley is grown every 
year, the following losses of calcium carbonate have occurred: 


Table 28. Losses of Calcium Carbonate from Hoos Field, Rothamsted, 
FROM 1865 to 1905 


Plot 

No. 

Son. Treatment 

Tons per 
Acre in 
40 Years 

Pounds per 
Acre per 
Annum 

Ol 

Unmanured 

23-7 

1185 

O4 

Minerals 

I 4 -S 

723 

Ai 

Ammonium salts 

15-9 

793 

A4 

Minerals and ammonium salts 

15.0 

750 

Ni 

Sodium nitrate 

i 5>4 

772 

N 4 

Minerals and sodium nitrate 

II. I 

5 S 4 

Ci 

Rape cake • 

iS-o 

750 

7-2 

Farm manure 

17.0 . 

848 


The average of the eight plots on Hoos Field shows for 40 years 
an average annual loss of 800 of calcium carbonate per acre. The 
ammonium salts have not markedly increased the average loss on 
this field above that from the nitrate plots or the untreated land. 

The investigations reported also include Agdell Field and Little 
Hoos Field, both of which have lost calcium carbonate in about the 
same amount as Broadbalk and Hoos. 

Practice based upon these results would require an application 
of two tons per acre of ground limestone about every five or six 
years, in order to replace the regular losses. 

The loss of calcium carbonate from soils is largely due lo leach- 
ing. The soil waters contain carbonic acid (HgCOg) formed by the 
absorption of carbon dioxid (COj) from the atmospheric air and 
from the soil air. This carbonic acid has power to react with cal- 
cium carbonate and form calcium bicarbonate, CaH2(C03)2, which 
is soluble in water, thus: 


«-N=o 
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In all humid regions where water passes through the soil, there 
4S loss of calcium carbonate, leached out in the form of soluble 
bicarbonate. The “lime” carried in solution in “hard” waters 
from surface wells appears as a crust or scale in the teakettle, the 
soluble bicarbonate being decomposed by heat and the insofluble 
normal carbonate thus precipitated. Even virgin soils in old soil 
formations are often not only deficient in limestone, but they arc 
sometimes found to be exceedingly acid, and thus require heavy 
applications of limestone to correct or neutralize the acids in the 
soil. 

Usually these soil acids exist in part, at least, as organic acids 
(humic acid etc.), but it is very evident that they are not always 
entirely organic, because the acidity often markedly increases while 
the organic*matter decreases, with depth of soil, as ^ill be seen 
fromTab'les 15, 16, and 17 (see soil types 330, 135, and 335), in 
which the measure of acidity is shown by the “ limestone required,” 
and the organic matter is indicated roughly by the nitrogen. 
Thus, in the Lower Illinoisan yellow silt loam, limiestone required 
to correct the acidity increases from 310 pounds in the surface to 
3315 pounds in the subsurface, and to 7200 pounds in the sub- 
soil, considering 2 million pounds of each; while the nitrogen de- 
creases from 2150 pounds in the surface to 1085 pounds in the 
subsurface, and to 827 pounds in the subsoil; and, as a matter of 
fact, the organic carbon decreases from 23,400 pounds in the sur- 
face, to 9710 pounds in the subsurface, and to 6190 pounds in the 
subsoil, 2 million pounds of each being considered. 

Detmel assigns to humic and ulmic acids the molecular formula 
CeoHgPg;, and to their salts such formulas as Ag8C5QH4g027, and 
Ca 8 (NH 4 ) 2 C 6 oH 4 e 027 . These would correspond to Ca 4 CeoH 46027 - 
On this basis, if all of the organic carbon in the subsoil were in the 
form of humic acid, it would be equal to less than one half of the 
acidity found. These computations are based upon the average of 
many analyses of soil samples from this type. Individual samples 
show as high as six times as much acidity as could be accoimted 
for from the total organic carbon if in the form of humic acid. 

Acid silicates (see acid salts), formed from polysilicates (see 
under silicon) , from which some basic elemmts may have been 
removed and replaced with acid hydrogen, by reactitm with soluble 
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organic acids, or possibly by the long-continued weak' action of 
drainage waters charged with c^bonic acid, do exist in the soil, . 
and the evidence thus far secured indicates that they account for 
most of the acidity of soils that are at the same time strongly acid 
and very deficient in humus. 

•Calcium bicarbonate may be formed by the actjon of carbonic 
acid on silicates containing calcium, even though no limestone is 
present. It is well known that plants have power to secure calcium, 
as plant food, from acid soils containing calcium in silicates but 
not containing limestone. 

Of course, it is not necessary to apply limestone to soils that 
already contain abundance of calcium carbonate, but it should be 
applied to soils that show aridity in the top soil and subsoil. 
Not infrequently slight acidity exists in the surface, and sometimes 
in the subsurface also, where the subsoil contains very large amounts 
of limestone. From present information we cannot strongly advise 
the application of limestone to such soils, although it would cer- 
tainly do no harm, and for some crops might be beneficial. But 
where the subsoil also is strongly acid, liberal applications of lime- 
stone should be made. While a small amount of acidity in the sur- 
face may not be a serious injury when the rainfall is abundant, 
there is apparently in humid regions some rise of acidity from 
strongly acid subsoils in times of partial drouth, corresponding 
somewhat to the “rise of alkali ” in arid regions, where the water 
leaves the soil only by evaporation from the surface. If, however, 
the subsoil contains abundance of limestone, some calcium bi- 
carbonate will be brought upward into the subsurface or surface 
soil with the capillary rise of the soil moisture, and this will be left 
as normal carbonate when the water evaporates, and may serve to 
reduce the acidity of the subsurface or surface soil, at critical 
times, as in time of drouth. 

Clover and alfalfa are plants that are very sensitive to acid 
conditions when dependent for most of their nitrogen upon the 
bacteria. Pseudomonas r'adicicola, but these crops are grown very 
successfully upon such soils as the brown silt loam of the Early 
Wisconsin glaciation and the brown silt loam, yellow-gray silt 
loam, and yellow silt loam, of the Late Wisconsin; whereas, they 
Me complete failures on the Lower Illinoisan gray silt loam prairie, 
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and very unsatisfactory crops for all soils with strongly acid sub- 
soils, although, as already stated, such crops can be grown for a 
time on such soils if liberally fed with farm manure or other fer-' 
tilizers. The legume plants, themselves, are not so sensitive to acid 
conditions, but, rather, the bacteria depended upon to furnish 
nitrogen; and while these will sometimes live and even form tuber- 
cles, they seem to develop but little power to fix nitrogen under 
such unfavorable conditions. 

The Time to apply Limestone 

The answer to this question can be no more definite than to a 
similar question concerning farm manure. We should consider 
the matter of hauling and spreading limestone in relation to the 
other necessary farm work, keeping in mind conditions of weather, 
roads, and land. It is applied but once during the crop rotation and 
for the benefit of all crops, although its most direct benefit is for 
the legumes, the other crops receiving large indirect benefit if the 
legume crops are returned to the soil. 

It is sometimes applied in winter or spring, but, as a rule, it is 
more satisfactory to apply it during the summer or early fall, 
when the land is dry, the roads are good, and the days are long. 
It is not best to apply it in intimate connection with phosphate, 
because the limestone will retard the availability of the phosphorus, 
although this effect is temporary, and in any case the two materials 
must ultimately become mixed if applied to the same land. The 
phosphate may well be applied with organic matter (manure or 
clover), mixed with the surface soil by disking, and then plowed 
under, and the limestone may then be applied after plowing and 
well mixed with the surface soil in the preparation of the seed bed, 
where wheat and clover are to be seeded, or where corn is to be 
followed by oats and clover, the oats being disked in without re- 
plowing. Thus the limestone is well distributed in the first 3 or 4 
inches of the soil where the atmospheric nitrogen enters and where 
the nitrogen-fixing bacteria do much of their work, while the phos- 
phate is mixed with the decaying organic matter in the next 3 or 4 
inches of soil where the plant roots feed in large degree. Another 
good way is to apply the phosphate for com and the limestone for 
wheat about three years later. 
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Methods of applying Limestone 

No single method need be followed in applying limestone to the 
land, but it should be spread as evenly as practicable. This may be 
done by hand with a light shovel, either from the wagon or from 
small equal-sized piles placed at regular intervals. Thus, a pile of 
100 pounds every 33 feet each way makes two tons to the acre. 
It can easily be thrown 16 or 18 feet with a shovel. 

A spreader made for the purpose of applying ground limestone 
or rock phosphate is very useful. There are some fairly satisfactory 
machines on the market at the present time. Se.veral spreaders 
are manufactured that serve well for applying ashes, slacked lime, 
or other light materials, but most of them are not suited for han- 
dling such heavy materials as limestone and rock phosphate. 

The directions given below are similar to those published by the 
Ohio Experiment Station for a “ home-made ” spreader which 
any farmer have made, and which is more satisfactory for 
spreading these heavy materials than some of the machines on the 
market. ’ 

Make a hopper similar to that of an ordinary grain drill, measur- 
ing inside feet or ii feet long with sides about 21 inches wide 
and about 20 inches apart at the top. The sides may be trussed 
with |-inch iron rods running from the bottom at the middle to 
the top at the ends of the hopper. Let the bottom be 5 inches wide 
in the clear, and cut in it crosswise a row of diamond-shaped holes, 
2 inches wide, 2 ^ inches long, and 4 inches apart (6 inches between 
centers). Make a second bottom with holes in it of the same size 
and shape as those of the main bottom, and so shaped that they 
will register. Let this second bottom slide loosely under the first, 
moving upon supports, made by leaving a space for it above bands 
of strap iron 12 inches apart, which should be carried from one 
side to the other under the hopper to strengthen it. The upper 
bottom piece may be of about 8-inch sheet steel, and the lower 
one may be of smooth, seasoned hard wood, about i inch thick 
and 7 inches wide, reenforced with strap iron if necessary, and 
well oiled- or painted. To this under strip, attach a V-shaped arm, 
extending an inch in front of the hopper, with a half-inch hole in 
the point of the V, in which drop the end of a strong lever, bolting 
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'the lever loosely but securely to the side of the hopper, and fasten 
to the top of the hopper a guide of strap iron, in ’which the lever 
may move freely back and forth. The object of this lever is to 
regulate the size of the openings by moving the bottom board. 
Make a frame for the hopper, with a tongue to it, similar to the 
frame of an ordinary grain drill. 

Get a pair of old mowing-machine wheels with strong ratchets in 
the hubs, and with pieces of round axle of sufficient length to pass 
through the frame and into the ends of the hopper, which are to 
be welded to a square bar of iron about if inches in diameter and 
the length of the inside of the hopper. The axles should be fitted 
with journals, bolted to the under side of the frame. 

Make a reel to work inside of the hopper by securing to the axle, 
12 inches apart, short arms of |-inch by i-inch iron, and fastening 
to these arms four beaters of f-inch square iron, about an inch 
shorter than the inside of the hopper, the reel being so adjusted 
that the beaters will almost scrape the bottom of the hopper, but 
will revolve freely between the sides. The arms may be made of 
two pairs of pieces, bent so as to fit around the axle on opposite 
sides, and secured by small bolts passing through the ends and 
through the beater, which is held between them. The diameter of 
the completed reel is about 5 inches, and it serves as a force feed. 

Two pieces of oilcloth may be tacked to the bottom of the 
hopper, one in front and one behind, of sufficient width to reach 
nearly to the ground, in order to reduce the annoyance o| the flying 
dust to man and team. Another piece may be buttoned across 
the top of the hopper in windy weather, if desired; but the dust of 
limestone or of natural phosphate is certainly no worse than the 
dust of the field. 

A sort of second force feed has been evolved from the extensive 
experience of Illinois farmers in building home-made machines: 
Two pieces of sheet steel, each about 6 inches wide and the length 
of the machine, are used as a V-shape bottom for the hopper, 
forming nearly a right angle at the lowest point. One piece is 
stationary and the other is given an endwise motion back and 
forth by means of a small wheel with a heavy rim waving in and 
out horizMjtally and running through a slotted p|ece firmly 
attach^ to the movable sheet steel. Two very smjdl wheels 
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forming the sides of the slot serve to reduce the friction, and a" 
lever is arranged to throw this mechanism out of gear. One of the 
pieces of sheet steel is provided with an adjustment by means of 
which a crack is opened of any desired width, the entire length of 
the bottom. Thus the stone falls, not through holes or in streaks, 
but in a perfect broadcast. Several of these home-made machines 
are in use. The draft is more than with the reel alone, but they 
are undoubtedly more satisfactory than anything on the market. 

The cash expense for such a machine, aside from the mower 
wheels with axle and ratchets, has varied from less than $io to 
more than $20, depending on cost of material and labor. Farmers 
with some mechanical skill hire only the necessary blacksmithing., 

Hints on spreading Limestone (and Phosphate) 

In hauling and spreading limestone it is of first importance to 
save time and labor. As a rule, it is more economical to purchase 
both limestone and raw phosphate in bulk, and have it shipped 
in paper-lined box cars. Wetting will do no harm except to give 
trouble in spreading. Bags are expensive and easily damaged, 
and with tight wagon boxes the use of bags is wholly unnecessary. 
As a rule, the plan should be to haul the limestone direct from 
the car to the field, and spread it at once. Only two days are 
allowed to unload a car, although an extra day’s car service costs 
only one dollar. 

With a haul of two miles or less, and with two men, one boy, and 
two teams, with three wagons and one spreader, 30 tons of ground 
limestone can be taken from the car and spread over 10 to 15 acres 
of .land in two or three days, provided the roads and other condi- 
tions are favorable. 

One man is kept in the car loading the limestone into a wagon. 
The boy with one team hauls the loaded wagon to the field, leaves 
it there, and takes an empty wagon back to the Car, hitching at 
once to the loaded wagon and leaving the empty wagon to be loaded. 
The other man and team remain in ihe field with the spreader, 
spreading one load while the boy is gone for the next. If an extra 
team is at hand, the man at the car may drive to meet the empty 
wagon and thus save some time. 
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When spreading across a forty-acre field, the loaded wagon 
should either be hauled to the middle line of the field, or half of the 
loads should be hauled to one side and the other half to the oppo- 
site side of the field, using an extra wagon. The spreader hopper 
should hold at least looo pounds on the half-rod machines, or 1333 
pounds on the ii-foot machines, so that by driving 80 rods, the 
load will amount to at least two tons per acre. Starting from the 
middle of the field, one hopperful will spread to the side (40 rods) 
and back, when the spreader must be backed up to the wagon and 
refilled. Four such drives (320 rods) with the half-rod machine, or 
three drives (240 rods) with the ii-foot machine, will spread a 
two-ton load over an acre. 

If the roads are good, two tons can be hauled at a load with a 
good team and wagon. If necessary to draw the loaded wagon to 
the middle line of the field, a four-horse team is provided by adding 
the spreader team. 

For making applications from one half ton to two or three tons 
per acre of limestone or rock phosphate, an arrangement of this 
sort is very satisfactory. For heavier applications one can go over 
the ground twice, or it can be spread by hand. For longer dis- 
tances, one or more additional teams are needed on the road. 

Where manure is to be spread, rock phosphate may well be spread 
with it. The phosphate may be sprinkled over the manure from 
day to day as it is being made in the stall or covered feeding shed, 
or the manure spreader may be partly filled with manure, phosphate 
then being sprinkled on sufficient for the load, the load com- 
pleted, and then spread on the land. It should be kept in mind, 
however, that, if any leaching occurs after the phosphate is mixed 
with the manure and before the manure is spread on the land, some 
loss may ensue of the added phosphate; while if the phosphate is 
taken directly from the car and spread on the land where manure 
has been or is to be applied, it can later be plowed under with the 
manure with no danger of loss of phosphate. 

Notk. Limestone is soluble in soil water containing carbonic acid, and if 
ground to pass a sieve with 12 of 1 6 meshes to the linear inch, it is sufficiently 
fine, provided the product contains all of the finer material. Fineness correlates 
with loss by leaching as well as with “ availability,” while the Q^ser particles 
are more durable and serve as centers of alkalinity. 



CHAPTER XIII 

PHOSPHORUS 

Phosphorus is the only element that must be purchased and 
returned to the most common soils of the United States. Phos- 
phorus is the key to permanent agriculture on these lands. To main- 
tain or increase the amount of phosphorus in the soil makes pos- 
sible the growth of clover (or other legumes) and the consequent 
addition of nitrogen from the inexhaustible supply in the air; 
and, with the addition of decaying organic matter in the residues 
of clover and other crops and in manure made in large part from 
clover hay and pasture and from the larger crops of com and other 
grains which clover helps to produce, comes the possibility of 
liberating from the immense supplies in the soil sufficient potas- 
sium, magnesium, and other essential abundant elements, supple- 
mented by the amounts returned in manure and crop residues, 
for the production of large crops at least for thousands of years; 
whereas, if the supply of phosphorus in the soil is steadily de- 
creased in the future, in accordance with the past and present most 
common farm practice, then poverty is the only future for the 
people who till the common agricultural lands of the United States. 

And this does not refer to the far-distant future only, for the 
turning point is already past on most farms in our older states and 
on many farms in the com belt; and lands that have passed their 
prime with sixty years of cultivation will decrease rapidly in pro- 
ductive power and value during another sixty years of similar 
exhaustive farm practice. 

The world’s supply of phosphoms exists in three principal 
sources: First are the supplies in the various soils, concerning 
which the reader of the preceding pages will have sufficient posi- 
tive knowledge for intelligent thought. 

Second are the natural beds of calcium phosphate, varying in 
purity from a few per cent, to as high as 8o per cent, of tricalcium 
phosphate, eagCPO^lg. 

‘ 183 
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Third are the extensive deposits of phosphatic iron ores con- 
taining more or less ferric phosphate, FeP04, the phosphorus being 
recovea-ed in the slag produced in the conversion of pig iron into 
steel. 

About three fourths of the phosphorus taken from the soil by 
crops of com, wheat, or other cereals, is deposited in the grain or 
seed, about one fourth remaining in the straw or stalks. If the 
grain is sold, three fourths of the phosphorus required for the crop 
is sold with it; and, likewise, when grain is bought and brought to 
the farm, a like proportion of phosphorus is brought with it. 

When crops are fed to animals, as a general average about 
three fourths of the phosphorus, three fourths of the nitrogen, 
and practically all of the potassium are returned in the manurial 
excrements. Thus, if sufficient grain is bought and fed, and if the 
manure is saved and applied to the land, the soil can be made richer 
in phosphorus year by year,, and in most sections some instances 
can be found of farmers who succeed in maintaining or increasing 
the fertility of their soil 1 ^ this practice. If they have the neces- 
sary knowledge and skill and material equipment and sufficient 
capital, they may feed stock for the open market, or if this is not 
profitable, they may produce pure-bred stock to sell at higher prices 
for breeding purposes. In any case, live-stock farming can never 
be permanently profitable to a large proportion of the farmers 
in a great agricultural country, because the world cannot live on 
meat and dairy products only, and the relative supply and demand 
always compels the sale of much grain from most farms. Conse- 
quently, this system of adding phosphorus to one farm by taking 
it from other farms must be of limited application; and live-stock 
farmers who feed only the produce from their own land gradually 
reduce the phosphorus of the soil at least by the amount sold in 
the animal products. 

A still more limited supply of phosphorus is secured for use in 
soil improvement by utilizing the bone meal prepared by the pack- 
ing houses. This, of course, also comes from the soil originally- 
It is made chiefly from bone scraps which have no value for other 
uses. The best bone is worth several times as much for the manu- 
fsKture of buttons, cutlery, toilet articles, etc., as for fertilizer 
purpose. Probably not more than one tenth oJ| all the phos- 
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phorus shipped off from American farms in animal products is 
returned to the soil in bone fertilizers. The mineral matter in bone 
consists chiefly of tricalcium phosphate, with a small amcwnt of 
calcium carbonate. There is practiced more or less adulteration 
of bone fertilizers by admixture of raw rock phosphate or acid 
phosphate. 

There are three principal forms of bone meal offered for sale — 
(i) raw bone, (2) steamed bone, and (3) acidulated bone. 

Raw bone meal. Raw bone meal contains about 9 per cent of 
phosphorus, 4 per cent of nitrogen, and much organic matter, 
including more or less fat, which tends to retard decomposition. 
The most common application of bone or other ordinary commercial 
fertilizer is 200 pounds per acre. Since 9 per cent means 9 pounds 
per hundred, this application would amount to 18 pounds of 
phosphorus per acre, or one pound more than is contained in 
100 bushels of com. Since 200 pounds is one tenth of a ton, raw 
bone meal contains about 180 pounds of phosphorus per ton. 

Hence, the rule: To convert per cent into pounds per ton, 
double the per cent and add one cipher. It is always advisable to 
memorize pounds per ton and to think in those amounts, rather 
than in per cent. At 10 cents a pound for phosphorus and 15 
cents for nitrogen, a ton of raw bone meal costs about $30, which is 
$18 for the phosphorus and $12 for the nitrogen. 

Nearly ij tons of raw bones are required to make one ton of 
steamed bones, the loss in weight consisting of fat, flesh, glue, and 
other organic matters rich in nitrogen. 

Steamed bone meal. Steamed bone meal contains from 12 
to 14 per cent of phosphorus, and it should average at least 12J 
per cent, or 250 pounds of phosphorus per ton, costing $25 at 
10 cents a pound for the element phosphorus. Thus, 200 pounds 
of steamed bone per acre supplies 25 pounds of phosphoms, or 
two pounds more than is required for a hundred-bushel crop of 
com (grain and stalks). By steaming bones the nitrogen is largely 
removed in the organic matter, only about .8 per cent, or 16 pounds 
per ton, being found in good steamed bone, an amount within the 
legal limits of error in some fertilizer laws, and too small to justify 
consideration in the purchase price, especially when nitrogen can 
be saur«i from the ineidiaustible supply in the air by using leg- 
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umes in crop rotations. To supply sufficient nitrogen for a hun- 
dred-bushel crop of com would require 9 tons of ^teamed'dbone 
meal, posting about $225. ^ ^ 

The phosphorus in raw bone and steamed bone ejtists in;th€ form 
of the insoluble tricalcium phosphate, but because of the jiirosity 
and fine division of the bone particles and the presence of decom- 
posing organic matter in intimate contact with the extensive* sur- 
face within the pores, phosphorus is liberated quite readily from 
bone meal, steamed bone being more active because of the removal 
of the fat and because it is usually more finely ground than raw 
bone. 

Acidulated bone meal. Acidulated bone meal (“ acid bohe ”) 
is made by adding to a ton of bone meal sufficient sulfuric acid to 
convert a part of the insoluble tricalcium phosphate into the sol- 
uble monocalcium phosphate, or at least into the more readily 
available dicalcium phosphate. The bone meal thus treated is said 
to be mildly acidulated. As an average, it contains about 140 
pounds of phosphorus and 40 pounds of nitrogen per ton. Much 
of the so-called “ dissolved bone ” sold in the fertilizer trade is made 
from phosphate rock, and this is no detriment to the product so 
far as the soluble portion is concerned, but the insoluble portion 
is more rapidly available if derived from bone than from rock. 
In the acidulated and most readily available form, phosphorus 
sells at about 12 cents a pound. 

Other bone products include bone black, dissolved bone black, 
and bone ash. Tankage from the packing houses varies from 
nearly pure bone to a high percentage of nitrogenous organic 
matter, including dried blood, meat, and mixed offal. Some further 
data will be found under nitrogen fertilizers. 

Three principal kinds of phosphorus fertilized are derived from 
phosphate rock. These are (i) the fine-ground natural rock, 
(2) acid phosphate, and (3) double superphosphate. . 

Natural phosphates. Natural phosphate b^s are widely dis- 
tributed over the earth, some of the most important depqrits being 
in Tennessee, South Carolina, Florida, and Canada, also in Trance, 
Belgium, Norway, Spain, and North Africa. The present annual 
production of the world amounts to about three milli(Hi.*tpns, of 
which two million tons are produced in the United States,, about 
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one million for home consumption, and an equal amount for 
exportation, chiefly to Great Britain, Germany, and other parts 
of Europe. 

It is e^imated that the total phosphate deposits of the world 
thus far. dikovered will still furnish somewhere from 200 million 
to 500 million tons of high-grade phosphate rock. Some phosphate 
deposits have recently been found in Wyoming, Idaho, and Utah, 
and doubtless still other extensive deposits will be discovered in 
various parts of the earth; but, nevertheless, the world’s total 
supply of high-grade phosphate is apparently very limited when 
measured by crop requirements, as evidenced by the enormous 
shipment of phosphate from America to Europe, despite the exten- 
sive and long-continued search by geologists for any undiscovered 
European deposits. (See also Appendix.) 

Facts worthy of careful consideration are that the Chilian gov- 
ernment derives a large revenue from export duties on sodium 
nitrate, from the world’s greatest natural deposits of combined 
nitrogen, an element which the Chilian landowners can always 
secure, however, from the inexhaustible atmospheric supply; 
whereas, from the United States we are exporting half of our total 
production of phosphates with no restrictions, although we are 
thus shipping away from our lands the only element we shall ever 
need to purchase in order to maintain the fertility of our own soils. 
The laws of Norway greatly restrict the exportation of phosphate 
from that country. 

To restore to the soils of the United States the phosphorus 
removed by the com crop alone, would require the annual applica- 
tion of our total annual production of phosphate rock, counting 
23 pounds of phosphorus for a hundred-bushel crop of com, and 
2^ billion bushels as the average com crop of t^e United States. 

The Florida phosphates are classed chiefly as hard rock and soft 
• rock, the South Carolina phosphates as .land rock and river rock; 
and the Tennessee phosphates as brown rock and blueTrock. The 
quality is usually expressed as percentage of purity; that is, 
percentage of ^ricalclum phosphate. 

The South Csirolina land rock is the lowest in phosphorus, averag- 
ing less tto 50 per cent calcium phosphate, or less than 10 per cent 
of phosphorus. The South Carolina river rock and the Florida 
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soft rock average 50 to 60 per cent pure; while the Florida hard 
rock and the Tennessee brown rock contain from 60 to 75 per cent 
of calcium phosphate. The Tennessee blue rock varies from less 
than 50 to more than 70 per cent, or from 200 to 300 pounds of 
phosphorus per ton of rock. The Florida soft rock contains chiefly 
phosphates of iron and aluminum, while in the other rocks the 
phosphorus is largely in the form of tricalcium phosphate. 

Aside from the deposits of high-grade phosphate, containing 
45 or 50 to 75 or 80 per cent of calcium phosphate, there are known 
to exist very much more extensive deposits of lower grade phos- 
phates and phosphatic limestones containing from less than 10 
per cent to 40 per cent or more of calcium phosphate, correspond- 
ing to from 2 to 8 per cent of phosphorus, or from 40 to 160 pounds 
of phosphorus per ton of rock. At present, these deposits have no 
market value, because, if the phosphate costs $4.00 per ton fine- 
ground and on board cars at the mine, and if the freight charges 
are $3.00 per ton, the freight on two tons of low-grade rock would 
amount to $6.00; while the delivered cost of one ton of high-grade 
rock supplying the same amount of phosphorus would be only 
$7.00, leaving but 50 cents a ton for the low-grade rock, which would 
barely pay for the expense of easy quarrying and grinding. 

As the supplies of high-grade phosphate become exhausted and 
prices advance, the lower grades will no doubt be utilized in this 
country as they are in Europe, where 35 to 40 per cent Belgian 
phosphate is now one of the chief commercial grades. 

About 62 J per cent calcium phosphate, or i2| per cent of phos- 
phorus, is the average grade of the fine-ground natural rock phos- 
phate now used in Illinois, and to some extent in other states, for 
direct application to the soil in intimate connection with abundance 
of decaying organic matter, as farm manure, clover, or other green 
manures. In this form the element phosphorus costs the farmer 
about 3 cents a pound. 

The information thus far secured amply justifies the adoption 
of a system'“;of farming in which fine-ground natural phosphate 
rock shouldtbe applied at the rate of 1000 to 2000 pounds per acre 
every thredto six years, for three or four successive crop rotations, 
after which the application may be reduced one half, or to 200 
pound|,jper acre for each year in the rotation, which would still 
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insure a small increase rather than a decrease in the future 
years. 

More specific data concerning the use of raw rock phosphate, 
the results of the most careful experiments, and the comparative 
value of different forms of phosphorus are more fully discussed 
in the following pages, after some consideration of organic matter. 

Acid phosphate. Acid phosphate is the name of a manufactured 
product, not of a chemical compound. 

Chemically, there are two acid phosphates of calcium, (i) the 
monocalcium phosphate, CaH4(P04)2, and C2) the dicalcium phos- 
phate, Ca2H2(P04)2. These chemical compounds, together with 
tricalcium phosphate and tetracalcium phosphate, phosphoric acid, 
phosphorus pentoxid, and phosphorus, itself, form a very impor- 
tant and interesting series. For the sake of simplicity and uni- 
formity, two atoms of phosphorus are given in each case, this being 
necessary in some cases: 


Name 

Formula 

Molec- 

ular 

Weight 

Phos- 
phorus 
(Per Cent) 

Phosphorus 

P2 

62 

100.00 

Phosphorus pentoxid 

P2O5 

142 

43.66 

Phosphoric acid 

HefPO^)^ 

196 

31-63 

Monocalcium phosphate .... 

CaH^fPO.), 

234 

26.50 

Dicalcium phosphate 

0 

0 

272 

22.43 

Tricalcium phosphate 

Ca.,(P04)2 

. 310 

20.00 

Tetracalcium phosphate .... 

Ca 3 (Ca 0 )(P 04)2 

366 

16.94 


Of these substances, tricalcium phosphate is the only one that 
occurs in nature. The element phosphorus takes fire when exposed 
to the air, two atoms of phosphorus uniting with five atoms of 
oxygen to form phosphorus pentoxid, sometimes called phosphoric 
oxid. This compound is the most powerful dehydrating agent 
known in chemistry, having power to abstract water from many 
other substances. It unites with water to form true phosphoric 
acid, HgP04, or Hg(P04)2. This is one of the strong acids, and if it 
comes in contact with calcium carbonate, for example, it takes up 
one, two, and, finally, three bivalent atoms of calcium in place of 
the univalent hydrogen atoms, and thus forms acid monocalcium 
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phosphate, acid dicalcium phosphate, or the neutral tricalcium 
phosphate, respectively, carbonic acid being ^ liberated, which 
promptly decomposes into water and the gas, carbon dioxid. 

Tetracalcium phosphate is thought by some to be the compound 
in which phosphorus exists in basic slag phosphate, being essen- 
tially tricalcium phosphate loosely united with the GaO group 
(see under basic slag phosphate). 

In the manufacture of commercial acid phosphate, the phosphorus 
material most commonly used in mixed commercial fertilizers, one 
ton of ground raw rock phosphate is treated with about one ton of 
sulfuric acid, and the resulting material consists chiefly of mono- 
calcium phosphate and calcium sulfate (land-plaster), together 
with, all of the impurities contained in the original materials, and 
this mixture is the ordinary acid-phosphate fertilizer: 

Ca3(P04)2 + 2 H2SO4 = CaH4(P04)2 + 2 CaSO^. 

This equation shows only the general reaction between the 
chemical compounds, tricalcium phosphate and sulfuric acid, but 
impurities are always present, and both the impurities and the 
calcium sulfate are included in acid phosphate, in which the phos- 
phorus is held chiefly in the water-soluble compound, monocalcium 
phosphate. The reaction may be expressed in two equations, the 
two molecules of sulfuric acid being added separately, thus showing 
dicalcium phosphate as an intermediate product. Small amounts 
of both dicalcium phosphate and tricalcium phosphate usually 
remain in acid phosphate, and a considerable part of the sulfuric 
acid used reacts with impurities which consist chiefly of silicates 
of the abundant metals, aluminum, iron, calcium, magnesium, 
potassium, and sodium. Sometimes calcium carbonate is among 
the impurities. As a rule, about one fourth of acid- phosphate 
consists of phosphates (chiefly monocalcium phosphate), while 
three fourths consist of calcium sulfate and impurities. 

The readily available phosphorus in acid phosphate has a market 
value of about 12 cents a pound. This includes the phosphorus 
soluble in water and also that dissolved by ammonium citrate 
solution, which is sometimes called the “citrate-soluble” or the 
“ reverted.” The term reverted is properly applied to dicalcium 
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phosphite foimed from monocalcium phospiiate by reaction with 
tricalcium phosphate: 

€aH,(PO,)2 + Ca«(P04)2 = 2 

On long standing, this sort of reaction evidently takes place if In 
excess of tricalcium phosphate was left in the original product, and 
consequently the percentage of water-soluble phosphorus may be 
greater in fresh acid phosphate than in that which has been stored 
for some time, the dicalcium phosphate, or “ reverted,” being sol- 
uble in citrate solution, but not in water. 

If the raw phosphate rock contains 12 per cent of phosphorus, 
the acid phosphate made from it will contain about 6 per cent of 
phosphorus. The most common grade is known as 14 per cent acid 
phosphate, which the fertilizer agent would say means that the 
acid phosphate contains 14 per cent of “ phosphoric acid,” by which, - 
however, is meant not 14 per cent of true phosphoric acid, H2PO4, 
but 14 per cent of phosphorus pentoxid, PjOg, which is equivalent 
to 6.1 per cent of the element phosphorus, corresponding to 122 
pounds of phosphorus per ton of acid phosphate, which sells at 
about $15 a ton. 

Where 250 pounds of phosphorus cost $7.50 in fine-ground 
natural rock phosphate, the same amount of phosphorus will 
usually cost $30 in the two tons of acid phosphate.* 

Double superphosphate. Double superphosphate consists chiefly 
of monocalcium phosphate, CaH4(P04)2, and a moderate amount of 
impurities. It is richer in phosphorus than any other fertilizer 
material. It is made (i) by treating low-grade phosphate rock 
with an excess of sulfuric acid, by which true liquid phosphoric 
acid is liberated. This is leached out of the mass, and {2) this true 
phosphoric acid is applied to high-grade phosphate rock, thus; 

(1) + 3 H2SO4 = He(P04)2 + 3 CaS04 ; 

(2) Ca3(P04)2 + 2He(P04)2 = 3CaH4(P04)2. 

’ Both acidulated bone and add phosphate are sometimes called supetphos* 
phate; and in England “super” (meaning literally wer or higher) is the common 
term for add phosphate, somewhat as photographers use the term “hypo” (mean- 
ing under pT hwr) for sodium thiosulfate, formerly incorrectly called •hyposulfite 
dsothi. 
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By this means the impurities of the low-grade phosphate and 
the calcium sulfate formed in the first reaction are left behind, and 
the monocalcium phosphate is then formed as a condensation prod- 
uct, with only the impurities of the high-grade .phosphate and a 
small amount of calcium sulfate made from the excess of sulfuric 
acid which is carried with the phosphoric acid. In practice, double 
superphosphate is made to contain about 20 per cent of the ele- 
ment phosphorus, corresponding to about 75 per cent of mono- 
calcium phosphate, and to 400 pounds of phosphorus per ton of 
product. This material is not made in the United States, but is 
produced to a considerable extent in Germany. It has advantage 
over ordinary acid phosphate in long-distance shipping, and it also 
permits the use of phosphate rock containing more iron and alumi- 
num than can be used for the manufacture of common acid phos- 
phate on account of the deliquescent properties of the products. 

Slag phosphate. Basic slag phosphate results as a by-product 
when pig iron, made from phosphatic iron ores and thus contain- 
ing considerable phosphorus, is converted into steel by the basic 
process in which an excess of lime is used. By proper methods a 
slag is produced which may contain about 8 per cent of phosphorus, 
or 160 pounds per ton. It is conunonly held that the phosphorus 
is in the form of tetracalcium phosphate, Ca40(P04)2, whose struc- 
tural composition might be represented. thus: 


Tetracalcium Tricalcium 

phosphate phosphate 


Phosphoric 

acid 


Ca- 0 ^P =0 

C-^-O 


/\ 

Ca- 0 ^P =0 
Ca< 


‘C 


»\ 

Ca^0^P=0 


H- 0 . 

H— 0 ^P =0 
H— 0 ^ 


H- 0 . 

H- 0 ^P =0 

H— 


Whether these formulas express the relationship of tetracalcium 
phosphate to tricalcium phosphate and to phosphoric acid, is not 
fully known, and it is even questioned if the phosphorus in basic 
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slag exists in the form of tetracalcium phosphate. However, an 
excess of calcium oxid is present, and the phosphorus in slag under 
suitable conditions can be made available. No doubt, the lime 
produces some benefit for its own sake on certain classes of soil. 
In value, the phosphorus is rated at lo cents a pound, the same as 
in bone meal. 

The iron ores from the Lake Superior region, which are used in 
the Illinois Steel Works, contain too small an amount of phosphorus 
to give value to the slag produced, but some phosphorus-bearing 
ores are used in Pennsylvania, and slag phosphate has been pro- 
duced and used in that state to a limited extent for several years. 

In Europe very large quantities of slag phosphate are produced 
and sold under the name of Thomas slag, although Jacob Reese, 
who for many years controlled the production in Pennsylvania, 
claimed priority over the European discovery. 

The conditions under which the different forms of phosphorus 
should be used are discussed in the following pages. 



CHAPTER XIV 

ORGANIC MATTER AND NITROGEN 

The organic matter of the soil may be considered in two classes, 
active and inactive, although no very sharp line can be drawn 
between them. 

The most active organic matter consists of such substances as 
decaying plant roots and crop residues, green manures and animal 
manures, incorporated with the soil. These products decay rapidly 
in the soil and in the process of decomposition liberate not only 
plant food which they contain, including nitrogen, phosphorus, 
and potassium, but they also set free other decomposition products, 
such as carbonic acid, nitric acid, and organic acids, which have 
power to dissolve more or less additional plant food from the 
mineral part of the soil. 

The inactive, or less active, organic matter consists of the more 
resistant organic residue that remains after several years and that 
decomposes very slowly. If present in large quantity, its gradual 
decomposition may still supply sufficient nitrogen to meet the 
needs of good crops, although its power to liberate mineral plant 
food from the soil may not provide adequate supplies of available 
phosphorus, potassium, etc. 

Thus, we find that one soil may at the same time be richer in 
organic matter and less productive than another ^il, even though 
the two soils are alike in other respects. Three tons per acre of 
fresh, actively decaying organic matter may be more effective 
for a year or two than thirty tons of old and less active humus. 

The term humus is not synonymous with organic matter. 
Humus includes only that part of the organic matter that has 
passed the most active stage of decomposition and completely lost 
the physical structure of the material| from which it is made^ and 
has thus become, as a rule, thoroughly incorporated with the soil 
ma^. 
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It is the decay ot organic matter, and not the mere presence of it, 
that gives “ life ” to the soil Partially decayed peat produces no 
such effect upon the productive power of the soil as follows the 
use of farm manure or clover residues. 

Dicay of Organic Matter 

A matter that has led to much confusion and misunderstanding 
is the common talk of “ available plant food,” as distinct from the 
total supply, whereas there is no line of distinction. The question 
as to the amount of available plant food contained in the soil at 
any given time is very insignificant in comparison with the ques- 
tion how to make plant food available. The plant food removed 
from the soil by a crop is not available when the crop is planted, 
but it must be made available during the growing season. 

Plant food is made available by chemical and biochemical 
prq^cesses, of which ammonification and nitrification are among 
those best understood. 

For the exact information we now have regarding these processes, 
we are indebted to the researches of Pasteur and Schlosing and 
Miintz of France, Winogradsky of Russia, Warington of England, 
and others. The nitrogen in the soil is almost entirely in organic ‘ 
compounds; that is, the nitrogen is united or combined with 
other elements, notably carbon, hydrogen, and oxygen, with 
small amoimts of phosphorus, and sulfur, in the form of partially 
decayed organic matter; but plants cannot use these insoluble 
organic compounds of nitrogen occurring in the soil. 

There are at least three different kinds of microscopic organisms 
(called bacteria), and also three different steps, or stages, involved 
in the process of nitrification, the nitrogen being changed from the 
organic compounds, first into the ammonia ^ form (NHg), s«:ond 
into the nitrite form, as Ca(N 02 ) 2 , and third, into the nitrate 
form, as Ca(N08)3. During the process the nitrogen is separated 
from the carbon and other elements composing the insoluble or- 
ganic matter, and is united or combined with oxygen and some alka:- 
line element to form the soluble nitrate, such as calcium nitrate, 

^ Teclmicalljr this first s&p (ammonification) b preliminary to, and not a part 

nitrifiicatkp proper 
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which is one of the most suitable compounds of nitrogen for plant 
food. 

This, then, is the general process of nitrification (including am- 
monification and nitrification proper), in which the ammonifying 
and nitrifying bacteria transform or transfer the nitrogen from 
insoluble organic compounds into soluble nitrate compounds in 
which it may serve as available plant food. Each specific class of 
bacteria performs a distinct function. Thus, the ammonifying bac- 
teria serve only to convert organic nitrogen into ammonia nitrogen; 
the nitrite bacteria , (also called nitrous bacteria) serve only to 
convert ammonia nitrogen from ammonia or ammonium salts 
into nitrous acid (HNO 2 ) or nitrites; and the nitrate bacteria 
(also called nitric bacteria) serve only to convert nitrous acid or 
nitrites into nitric acid (HNO3) or nitrates. 

While we may assume that the nitrogen passes through the forms 
of nitrous and nitric acid, those acids are never present in detectable 
quantities, the presence of a salifiable base being essential for the 
progress of these biochemical reactions. The final product is al- 
ways a nitrate, except under artificial conditions, when nitrites 
may be obtained in quantity in the absence of the nitrate bacteria. 
Under the natural conditions existing in normal soils, even nitrites 
can scarcely be detected, because of the quickness with which they 
are converted into nitrates. 

The nitrate that is formed may be calcium nitrate, magnesium 
nitrate, potassium nitrate, sodium nitrate, or even ammonium 
nitrate, depending upon which base is present in the most suitable 
form. In the nitrification of ammonium carbonate, (NH 4 ) 2 COs, 
the reaction will stop when only one half completed if no other 
base is present, the final product being ammonium nitrate, 
NH4NOa. 


(NH4)2 CO3 -f 3 0 = NH4NO2 -h CO2 + 2 H2O. 

NH4N02-h 0 = NH4N08. 

To continue the propess beyond this point would require the 
formation of appreciable amounts of free nitric acid, of which the 
bacteria seem incapable. In the production of lactic acid in 
the souring of milk, the lactic bacteria are capable of continuing the 
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process until the solution contains about .7 per cent of free lactic 
acid, beyond which they become inactive; but, if the free lactic 
acid is neutralized by the addition of some base, the bacteria again 
become active. 

In the process of nitrification there is required, not only the 
presence of calcium or some other alkaline element or group, in 
suitable form (as in carbonates), but also a good supply of the ele- 
ment oxygen; for calcium nitrate contains but one atom of calcium 
(Ca) with two atoms of nitrogen (N)2, and six atoms of oxygen 
(03)2, in each molecule, as indicated in the formula CsiiNO^^. 
Magnesium nitrate, Mg(N08)2, potassium nitrate, KNOg, and all 
other nitrates also contain oxygen. The supply of oxygen for the 
formation of nitrates in the process of nitrification comes from the 
air, and, aside from the killing of weeds, one of the most important 
effects of cultivation, or tillage, is that it permits the air more 
freely to enter the soil, and thus promotes nitrification. 

Another absolute requirement for the process of nitrification is 
the presence of phosphorus and probably of other mineral food 
supplies necessary to the growth and multiplication of the bacteria 
themselves. It is known that without phosphorus there can be 
neither growth nor life. These minute forms of plant life do not 
utilize the carbon dioxid of the air by means of the sun’s energy; 
but they derive energy from the oxidation of the nitrogen com- 
pounds, and by means of this energy they are able even to decom- 
pose carbonates, if necessary, and to derive their supply of carbon 
from this source for the formation of their own organic bodies; 
but for all of this the mineral plant food must be supplied. (As a 
rule, the carbohydrates furnish the necessary carbon for bacterial 
growth.) 

An important consideration in this general connection is the 
fact that in the conversion of sufficient organic nitrogen into nitrate 
nitrogen for a hundred-bushel crop of com, the nitric acid, if 
formed, would be alone sufficient to convert seven times as much 
insoluble tricalcium phosphate into soluble monocalcium phosphate 
as would be required to supply the phosphoms for the same crop. 
While this specific reaction could not occur in quantity, because 
the acid monocalcium phosphate would prevent nitrification, the 
suggestion is of interest in that it affords a quantitative comparison 
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between one.of the decomposition products*of organic niRter and 
the process of making insoluble plant food available, thus: 

Ca3(P04)2 + 4HNO3 = CaH4(P04)2 + 2 Ca(N03)2. 

In accordance with this equation, 56 parts of nitrogen are equiva- 
lent to 62 parts of phosphorus in the reaction; whereas, when 
measured by the requirements of the com crop, 56 parts of nitro- 
gen are equivalent to less than 9 parts of phosphorus, or only one 
seventh of 62. 

Even though the nitric acid may be at once neutralized by reac- 
tion with calcium carbonate, it is known that the liberated carbonic 
acid exerts an influence in the conversion of insoluble phosphates 
and potassium salts into soluble compounds. 

Of course, the quantity of organic acids and carbonic acid other- 
wise produced in the decay of organic matter is many times as 
great as that of nitric acid. 

Recent investigations of Hall, Miller, and Gimingham (Pro- 
ceedings Royal Society, 1908) seem to prove that nitrification 
proper does not occur in acid soils, and that crops growing on 
such soils must take up their supplies of nitrogen in the form 
of ammonium salts, formed in the process of ammonification. 
It is shown, however, that there may be a small amount of nitri- 
fication in soils that are, on the whole, acid, but which contain 
here and there particles of calcium carbonate within whose limited 
sphere of influence the soil is, alkaline and nitrification takes place. 

Under certain abnormal conditions, as under a slime or scum 
from sewage which prevents access of air, some denitrification 
may occur. In this process the denitrifying bacteria may even 
decompose nitrates in order to secure oxygen, and the element 
nitrogen may be liberated as free gas. Such loss may readily occur 
in the decay of manure in piles, but in normal soils there is prac- 
tically no denitrification. 

Methods of Supplying Organic Matter 

There ar#three general methods of supplying organic matter 
to'theac^ ffi^practical agriculture; 
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(1) manxires crop residues. 

(2) By accumulations in pasturing. 

(3) By applications of farm manure. 
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So much has been said ^d written regarding the value of farm 
manure that it is common talk that the manurial value of the food 
is almost wholly recovered in the manure; and there is even a vague 
notion in. the minds of some that the manure is worth more for 
soil im^)rovement than is the food from which the manure is made; 
while it is very generally believed that pasturing land increases the 
fertility of the soil. 

The fact is that the most important and least appreciated method 
of maintaining or increasing the supply of organic matter in the 
soil is by the use oi green manures and crop residues. This is best 
understood by considering the digestibility of common food stuffs 
and by applying mathematics to the data (see Table 29). 


Table 29. Average Digestibility of Some Common Food Stuffs 


Food Stuffs 

Per Cent digested 

OF Total in Food 

Dry Matter of Food 

RECOVERED IN MANURE 

Dry Matter 

Nitrogen 

Per Cent 

Pounds 
per Ton 

Pasture grasses ....... 

71 

70. 

29 

580 

Red dover, green 

66 

67 

34 

680 

Alfalfa, green 

67 

81 

33 

660 

Mixed meadow hay 

61 

57 

39 

780 

Red dover hay . . 

61 

62 

39 

780 

Alfalfa hay 

60 

74 

40 

800 

Oat straw 

48 

30 

52 

1040 

Wheat ^w . , 

43 

11 

57 * 

1140 

Com stover 

60 

45 

40 

800 

Shock com 

63 

42 

37 

740 

Com-and-cob meal 

79 

52 

21 

426 

Com ensilage , . . ... 

64 

49 

36 

720 

Oats . . * ; . . 

70 

• 78 

30 

609 

Com . . . , ^ 

91 

76 

9 

180 

Wheat bran ...... 

, 61 

79 

39 

780 
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Thus, when pasture grasses containing one ton of dry matter 
are eaten, only 580 pounds of the dry matter consunied will be re- 
turned to the land in the droppings; and the manure made from 
one ton of dry clover hay contains only 780 pounds of dry matter 
instead of the 2000 pounds taken from the field. In other words, 
a ton of clover plowed under will add nearly three times as much 
organic matter to the soil as can possibly be recovered in the ma- 
nure if the clover is fed. In the case of oat straw, about o^e half 
is digested and one half recovered in the manure, while only one 
tenth of the dry matter of com is found in the manure. 

It must be kept in mind, furthermore, that to return even these 
proportions of organic matter to the land requires that the manure 
shall be applied to the soil before losses occur "by fermentation and 
decay.' 

The Maryland Experiment Station allowed 80 tons of manure 
to lie in an uncovered pile exposed to the weather for one year, 
during which time the amount was reduced to 27 tons. 

Professor Shutt, Chief Chemist for the Experiment Stations of 
the Dominion of Canada, exposed two Jons of manure containing 
1938 pounds of organic matter, from April 29 to August 29, four 
months, during which time the organic matter was reduced by 
fermentation and decay to 655 pounds. During the same time the 
nitrogen was reduced from 48.1 pounds to 27.7 pounds. 

In ordinary farm practice more or less loss of organic matter is 
almost certain to occur unless the manure is applied to the soil 
within a day or two after it is produced. 

Because the nitrogen of the soil is contained in the organic matter 
and must be applied in that form in general farming, and because 
the figures are available, the per cent of nitrogen digested iS shown 
in Table 27 for the common food stuffs named, The fact that 62 
per cent of the nitrogen in red clover hay is digested memis that 
only 38 per cent of the nitrogen in the food consumed will be 
recovered in the solid excrement. If the food ration consists of 
equal parts of com and clover hay, the solid excrement will contain 
31 per cent, or less than one third, of the nitrogen imthe food. 
Of' the remaining 69 per cent, about one third will be retained by 
the animal (or secreted in milk) aild two thirds excreted in the 
liquid manure, as a general average in live-stock fanning for animal 
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products. Mature work animals ezcrete practically as much 
nitrogen as they consume. These facts certainly emphasize the 
importance of saving all liquid manure and the danger of loss 
of nitrogen in that form. 

In a series of digestion experiments (not yet published) con- 
ducted by the Illinois Experiment Station, with six milk cows, dur- 
ing a period of 15 days, the average daily consumption of food per 
cow was 19.67 pounds of dry matter contained in a ration of clover 
hay, corn silage, and mixed concentrates, including com, oats, 
wheat bran, gluten meal, and linseed meal. The total dry matter 
recovered in the dung and urine amounted to 8.1 1 pounds, or 41.23 
per cent. (With heavy feeding the digestibility is appreciably 
less than with lighter feeding.) 

Of the' nitrogen consumed, 80.32 per cent was recovered in the 
dung and urine, and 20.12 per cent in the milk, indicating a slight 
loss from the animal bodies. 

Of the phosphorus consumed, 73.34 per cent was recovered in the 
manures and 22.28 per cent in the milk, only 4.38 per cent being 
retained by the animals. ^ 

Of the potassium taken in the food, 76.02 per cent was recovered 
in the manures and 13.69 per cent in the milk, the balance, 10.29 
per cent, probably having been largely excreted through the skin. 
The experiments were conducted the last half of June. (Consider- 
able amounts of commercial potassium salts were once regularly 
obtained from the washing of sheep wool.) Table 30 shows these 
results in more detail for ready comparison: 

Table 30. Plant Food recovered from Food consumed by Milk Cows 
Illinois Experiments: Average of 90 Days 


Plant-food Elfuents 

Recovered 
IN Milk 

Recovered 
IN Ddng 

Recovered 
IN Urine 

Not re- 
covered IN 
Total Ma- 
nures 

Nitrogen, per cent 

20.12 

3556 

- 44.76 

19.68 

Phosphorus, per cent 

22.28 

7233 

I.OI 

26.66 

Potassium, |(er cent 

13.69 

16.70 

59-32 

23.98 


As an average of the best three cows, the plant food not recovered 
in the total solid and liquid manures was 25.03 per cent of the 
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nitrogen, 28.07 cent of the phosphorus, and 28.45 cent of 
the pota^um, of the food consumed, the differences being prac- 
-tically accounted for by the larger amounts of milk produced by the 
best cows. However, the poorest cow of the six, in milk produc- 
tion, digested, during the three successive 5-day periods, 47.18 
per cent, 44.77 per cent, and 52.54 per cent, respectively, of the 
total phosphorus consumed in the food;, or, as an average of the 
15-day period, only- 52.94 per cent of the phosphorus taken in the 
food was recovered in the dung and urine from this* cow. 

The Pennsylvania Experiment Station (Annual Report for 1899- 
1900, page 321) reports digestion experiments with two milk cows 
during a period of 50 days, with the results shown in Table 31. 
The rations fed were three fifths mixed clover and timothy hay, 
and two fifths concentrates, including com meal, buckwheat 
middlings, cotton-seed meal, and linseed meal. 


Table 31. Plant Food recovered from Food consumed by 
Milk Cows 

Per Cow for 50 Days: Average for 2 Cows: Pennsylvania Experiments 


Plant-tood Elements 

Consumed 
IN $0 Days 

Recovered 
IN Milk 

Recovered 
IN Dung 

Recovered 
IN Urine 

Not recov- 
ered IN 
Total 
Manures 

Nitrogen, pounds . . 

67.96 

11-39 

21.46 

36.07 

10.43 

Phosphorus, pounds . 

9-73 

2.06 

6-75 

•13 

2.85 

Potassium, pounds 

37.68 

3-76 

5-93 

28.38 

3-37 

Nitrogen, per cent . . 

100 

16.76 

31-58 

53-06 

15-36 

Phosphorus, per cent . 

100 

'21.17 

6937 

1-34 

29.29 

Potassium, per cent . 

100 

9.98 

15-74 

75-32 

8.94 


In the Pennsylvania experiments both the nitrogen and potas- 
sium are slightly more than accounted for, but 8.12 |)er cent of the 
phosphorus in the food consumed was retained by the animals, 
probably in part for the formation of bones in unborn calves.- 
As an average of both the Pennsylvania and Illinois experiments, 
only onei#iird- (exactly 33.57 per cent) of the nitrogen consumed 
was recovered in the dung, and nearly one half (48.91 per cenj^#as 
excreted in the urine. These facts are worth remember^y:and 
also that 28 per cent of the phosphorus consumed wa§l&^ov- 
ered in the total manurial excremasits. 
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Pennsylvania Bulletin 63 reports an experiment covering two 
months, with four steers, two fed on a cement floor with fte manure 
kept tramped undo: their feet, and two on an earth floor from which 
the manure was piled into an adjoining stall and kept under 
cover. If we assume no loss from the litter used, the- following 
percentages were recovered from the food consumed: 


Percentages recovered of Plant Food in Feed 


Method or keeping Manure 

Nitrogen 

Phosphorus 

Potassium 

On cement floor, tramped . . 

84.8 

81.3 

9 I-S 

On earth floor, piled . . , 

54-0 

69.0 

71.0 

Average per cent recovered . 

69.40 

75-15 

81.25 


Of the total dry matter used for feed and bedding, 40.35 and 
31.03, or, as an average, 35.69 per cent was recovered in the manure. 

In Table 32 are given data (in part estimated) from an experi- 
ment by the Ohio Station (Bulletin 183) in which 28 steers were 
fed on a cement floor from December i, 1904, to June i, 1905, a 
period of six months, or 182 days, during which time the average 
weight of the steers increased from 872 to 1230 pounds. * 

At best, these results can be considered only as approximations, 
except as to the composition of the manure and the phosphorus 
added in the raw rock, but they are of interest and of some value as 
indicating what can be accomplished under the conditions. 

The amounts of feed and bedding used were accurately weighed, 
but their plant-food content was computed from accepted averages 
from each material. “ The steers were turned out of the stable 
once a day to get water, and were allowed to run in the yards from 
one to two or ihree'hours, consequently some manure was left hi 
the yards.” One would assume from this that one tenth or more of 
the excrements were voided in the yards. 

An experiment with 100 sheep (averaging 84 pounds each) for a 
feeding period of 112 days was conducted by the Ohio Station, in 
which mone definite data were secured. Of the feed, 26,936 pounds 
consisted of hays which were analyzed; while, accepted averages 
were used only for the standard concentrates, including 20,057 
pounds of com, 905 pounds of cotton-seed meal; and 905 pounds 
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Tabui 32. Record of Six Months’ Feeding of 28 Steers on 
Cement Floor 



Ohio Experiment Station 



Materials 

Total 

Amount 

(Pounds) 

Dry 

Matter 

(Pounds) 

Nitrogen 

(Pounds) 

Phosphorus 

(Pounds) 

Potassium 

(Pounds) 

Wheat bran .... 
Com meal .... 
Linseed meal . . . 
Cotton -seed meal . . 
Com silage .... 
Corn stover .... 
Mixed hay ... . 

9448 

48128 

5593 

5097 

63231 

4896 

31814 

8324 

40909 

5083 

468s 

15808 

4406 

26946 

252.3 

875.9 

304.0 

346.1 
177.0 

50-9 

448.6 

1 20. 1 
148.2 
40.9 

64.6 

30.6 
6.2 

37.8 

126.2 
159.8 

63-7 

36.8 

194.2 

56.8 

409.3 

Total feed .... 


I06161 

2454.8 

448.4 . 

1046.8 

Straw bedding . . . 
Raw rock phosphate . 

39033 

4753 

3513I 

4753 

230.3 

20.6 

564.6 

165.2 

Total supplied . . . 


'146045 

2685.1 

1033.6 

1212 

Total manure . . . . 

255203 

49698. 

2006.0 

799.0 

1064 

Percentages Recovered 

From total supplied 

With phosphate excluded . . . 
Corrected for loss in yards . . 

34 - 0 
31.8 

35 - 3 

74-7 

74.7 

83.0 

77-5 

50.0 

55-6 

87.8 

87.8 

97.6 


of linseed meal; and for 3020 pounds of oat straw used for 
bedding. It is understood that the sheep were kept confined in 
the stables during the entire time. 

Eight different analyses were made of the manure, and the Ohio 
Station computes that; of the total plant food contamed in the feed 
and bedding, 64 per cent of the nitrogen, 79 per cent of the phos- 
phorus, and 97 per cent of the potassium, were recovered in the 
manure. 

Wood, of the University of Cambridge, England, reports an 
experiment with four heifers to determine losses in making and 
storing farm manure {Journal of Agricultural Science, April, 1907). 

The experimental feeding began on January 31, 1906, and ended 
on April 25, 1906, a period of 84 days. During this time two of the 
animals consumed 13,720 pounds of mangels (tontaining 1784 
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pounds of dry matter), 1176 pounds of hay, and used up 1963 
pounds of straw as food and litter. The other two animals in an 
adjoining stall consumed exactly the same amounts of mangels 
and hay, 100 pounds less straw, and, in addition, 672 pounds of 
oil cake made from hulled cotton seed. 

The stalls in which the animals were housed during the experi- 
ment were bricked up to the highest level reached by the accumu- 
lated manure. The floors were not cemented, but were made of 
clay which was well rammed, and through which, according to 
Wood’s statement, “ there could be little leakage of soluble con- 
stituents.” 

The manure was kept tramped under the feet of the animals, 
sampled for analysis at the end of the feeding period withput 
disturbing the mass, then left in the compact condition for six 
months (till November 6, 1906), when it was sampled and weighed 
(8075 pounds from lot i and 8106 from lot 2) and applied to the 
soil. Following are the essential results: 


Lot I. (Cake not Fed) 


Constituents 

Dry 

Matter 

Nitrogen 

Phos- 

phorus 

Potassium 

In total feed and bedding, pounds . . 
Percentage found ^ in fresh manure . 
Percentage applied to the soil . . ; 

4421.0 

$8.6 

42.4 

47-9 
75-2 ! 
64.6 

5 -S 

67-5 

67-5 

931 

86.4 

72.8 

Lot 2. (Cake Fed) 

In total feed and bedding, pounds . . 
Percentage found ‘ in fresh manure . 
Percentage appljed to the soil . . . 

4942.0 

60.0 

41.6 

90-3 

78.5 

.51-6 

14.8 

69-3 

693 

105.0 

71.1 


* Assuming no loss of phosphorus during storage. 


Wood computes that the following percentages from the oil 
cake fed were recovered and applied to the soil: 


Dry matter .... 29 per cent. 
Nitrogen ..... 37 per cent. 
Phosphorus .... 70 per cent. 
Pota^ium 52 per cent. 
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As a general average for dairy fanning, cattle feeding, and sheep 
feeding, it is shown that practically one third of the organic matter, 
, three fourths of the nitrogen, and three fourths of the phosphorus 
contained. in the feed and bedding are recoverki in .the, total 
manures. Nearly all of the potassium may be recovered except 
that sold in milk. (Some potassium may be excreted through the 
skin, especially in hot weather, but even this is washed off in the 
pastures by summer rains.) 

Emmet and Grindley have reported the following suggestive 
data from digestion experiments with swine {Journal American 
Chemical Society (1909), 31, 577): 


Coefficients of Digestibility of the Constituents in the Feeds 
Consumed 
Per Cent Digested 


Food Ration 

Animal 

Dry 

Substance 

Organic 

Matter 

Protein 

(Nitrogen) 

Phos- 

phorus 

Ground corn 

Pig A 

87.1 

86.7 

80.6 

64.7 

Ground corn 

PigB 

86.S 

86.2 

76.9 

654 

Ground com and middlings 

Pig A 

87-3 ! 

87.6 

84.4 

74.6 

Ground com and middlings 

PigB 

86.8 

87.2 

82.4 

77-7 

Average of four .... 


86.9 

86.9 

81.2 

70.6 


It is common knowledge among farmers that swine fed largely 
on grain produce but little solid manure; and in these experiments 
only about 13 per cent of the organic matter, 20 per cent bf the 
nitrogen, and 30 per cent of the phosphorus were recovered in the 
solid excrement. However, the existing data are not sufficient to 
justify the adoption of these determinations as representing the 
average digestibility by swine of the phosphorus contained in the 
grain rations. That the normal coefficient is high, is eviden^ by 
the fact that, unlike most animals, swine normally excrete very 
appreciable amounts of phosphorus in the urine. 

The production, composition, care, and value of farm manure are 
discussed'’m a later chapter. 
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As alreacly stated, the nitrogen naturally in the soil is contained 
essentially in the organic matter. Any process which tends to 
decompose or destroy this organic matter, such as nitrification or 
other forms of oxidation, will also tend to reduce the total stock of 
nitrogen in the soil, whether removed by cropping or lost by leach- 
ing. Because of this fact, the matter of restoring nitrogeA to the 
soil becomes of very great importance. Of course, a part of the 
nitrogen removed in crops may be returned in the manure produced 
on the farm; and nitrogen may also be bought in the markets in 
such forms as dried blood (14 per cent), sodium nitrate (15J per 
cent), and ammonium sulfate (20 per cent); but when we bear in 
mind that such commercial nitrogen costs from 15 to 20 cents a 
pound, and that one bushel of com contains about one pound of 
nitrogen, it will be seen at pnce that the purchase of nitrogen 
cannot be considered practicable in general farming, although in 
market gardening, and in some other kinds of intensive agriculture, 
commercial nitrogen can often be used with very marked profit. 

Considering all of these facts, and the additional facts that there 
are about seventy-five million pounds of atmospheric nitrogen 
resting upon every acre of land, and that it is possible to obtain 
unlimited quantities of nitrogen from the air for the use of farm 
crops, and at small cost, the inevitable conclusion is, that the inex- 
haustible supply of nitrogen in the air is the store from which we 
must draw to maintain a sufficient amount of this element in the 
soil for the most profitable crop yields. 

It is often stated that legume plants, such^s clover, have power 
to obtain free nitrogen from the air. This is not strictly -true.. 
Red clover, for example, has no power in itself to get nitrogen from 
the air. It is true, however, that certain microscopic organisms ‘ 
which commonly live in tubercles upon the roots of the clover plant 
do h^e the power to take up free nitrogen and cause it to unite 
with other elments to form compounds suitable for plant food, 

‘ Anmngthe sdentists who were prominent in majdi^ these discoveries regard- 
ing the action of bacteria in the fixation of free nitrogen were Hellriegel, Willfartb, 
and Nobbe in Germany, Atwater in America, Lawes and Gilbert in England, and 
Bonsn^ult and Villc in France. 
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The clover plant then draws upon this combined nitrogen in the 
root tubercles, and makes use of it in its own growth, both in the 
tops and in the roots of the plant. 

These nitrogen-fixing bacteria live in tubercles upon the roots of 
various legume plants, such as red clover, white clover, alfalfa, 
sweet clover, cowpeas, soy beans, vetch, field peas, garden peas, 
field and garden beans, etc. The tubercles vary in size from smaller 
than a pinhead to larger than a pea, varying somewhat with the 
different kinds of plants, being especially small upon some of the 
clovers, and large upon cowpeas and soy beans. The tubercles are, 
of course, easily seen with the eye, but the tubercle is only the home 
of the bacteria, somewhat as the ball upon the willow twig is the 
home of the insects within. The bacteria themselves are far too 
small to be seen with the unaided eye, although they can be seen 
by means of the powerful microscope. Several million bacteria 
may inhabit a single tubercle. It is not necessary to see the 
bacteria, because if we find the tubercles upon the roots of the plant, 
we know that the bacteria are present within, otherwise the tubercle 
would not be formed.^ 

It has also been demonstrated that, as a rule, there are different 
modifications of nitrogen-fixing bacteria for markedly different 
species of legume plants. Thus, we have one kind of bacteria for 
red clover, another for cowpeas, another for soy beans, and still a 
different kind for alfalfa. 

There are some noteworthy exceptions to this rule. Thus, the 
bacteria of alfalfa {Medicago saliva) and of common sweet clover 
{Mellilotus alba) are interchangeable, and apparently identical, 
as are also the bacteria of cowpeas {Vigna unguiculata) and the 
widely distributed native partridge pea {Cassia chamaecrista), 
relationships of much importance in connection with soil inocula- 
tion for alfalfa and cowpeas. There is evidence t^at, by a compara- 
tively long process of breeding, or evolution, the bacteria which 
naturally live upon one kind of legume may gradually develftp the 
power to live upon a distinctly different legume to which they were 
not at first adapted. This change which has been brought about 

* A few plants form starchy nonbacterial tubers, which may be of large size, 
like the potato and artichoke, or of smaller size, as on the rootstalks of nut grass 
{Cyperus rotunia). 



ORGANIC MATTER AND NITROGEN 


209 


with some certainty in artificial cultures, and which very possibly 
occurs to some extent in farm manure from legume hay, may fur- 
nish bacteria with feeble action for a time, but ultimately, no do^ubt, 
with full power. Of course, this process of forcing bacteria to live 
upon a legume to which they are not naturally adapted has little 
or no practical value, because it is unnecessary, if there is a species 
of bacteria which naturally live upon the same legume. On the 
other hand, if, by any such' process of breeding, or evolution, a 
species of nitrogen-fixing bacteria could be developed which could 
live on a nonleguminous plant, as com, for example, it would be 
of incalculable value. As yet, the efforts of bacteriologists, working 
on this problem, have given only negative results, so far as known 
to the author. 

Attention is called to the fact that there are numerous instances 
where two different kinds of plants live together in intimate part- 
nership relation. If only one of the two plants receives benefit 
from this relationship or association, then the plant receiving the 
benefit is called a parasite. Thus the mistletoe is a parasite upon 
the elm or gum or other tree on which it lives. The mistletoe 
draws its nourishment from the tree. The tree is injured rather 
than benefited by the mistletoe. Dodder is also a parasitic plant, 
living upon other plants, except during the early part of its growth'. 
Ticks and lice are common examples of animal parasites, living 
upon other animals. 

In some cases a relationship exists which is not parasitic, but 
symbiotic. The term symbiosis, which is commonly used by 
biologists to define this relationship, means living together in 
mutual helpfulness. The association of bees and flowers may 
serve to illustrate this mutual helpfulness, although this is not an 
example of intimate symbiosis. Thus, the bees obtain their food 
from the flowers and, in turn, the flowers, many of them, are in- 
capable of producing seed or fruit xmless the pollen is carried from 
the male flower to the female flower by bees or other agencies. It 
is well known that plant lice and ants are mutually helpful. 

Likewise, the association of nitrogen-fixing bacteria and legume 
plants is a relationship of mutual helpfulness, and this is one of 
the best illustrations of what is meant by symbiosis. The legume 
furnish^ a home for the bacteria and also furnishes in its juice or 
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sap most of the nourishment upon which the bacteria live. The 
bacteria, on the other hand, take nitrogen from the air, contained 
in t^e pores of the soil, and cause this nitrogen to combine with 
other elements in suitable form for plant food, which is afterward 
given up to the legume for its own nourishment. 

Another illustration of remarkable parasitism, if not, indeed, 
one of true symbiosis, is found in the common lichens living upon 
rocks and trees. The lichen is not a single plant, but two plants, -- 
one an alga, which lives upon the wood or stone, and the other a 
fungus, which lives upon the alga. Algae also live in the free state 
separate from fungi, and the present opinion of botanists seems to 
be that when the two are associated in the form of lichens, this 
association is not detrimental, but rather beneficial, to the alga, 
as well as to the parasitic fungus. If this is true, then it is another 
case of true symbiosis. (It is now known that some fungi have 
power to feed upon atmospheric nitrogen, and probably those 
in lichens furnish combined nitrogen to the algse upon which they 
live.) 

In the symbiosis of legume plants and nitrogen-fixing bacteria 
we have a partnership or relationship of immeasurable value to 
‘agriculture. Here is a class of plants (legumes) that are capable 
of consuming or utilizing nitrogen in quantities larger than could 
possibly be obtained from ordinary soils for any considerable 
length of time. They have no power in themselves of taking 
nitrogen from the atmosphere, and to them the symbiotic relation 
with this low order of plants (the nitrogen-fixing bacteria. Pseu- 
domonas radicicola), is especially helpful, and for the best results 
it is absolutely necessary. 

Inoculation for Nitrogen Fixation 

While it is true that nitrogen-fixing bacteria are essaitial to the 
most successful growing of legumes, it is also true that, as a very 
general rule, the proper bacteria for the ordinary legumes are 
already present in the most common soil, especially where the 
particular legume has been grown in the vicinity for several* years, 
or where manure made from the legume has been applied. This 
applies especially to alfalfa itt the alfalfa country of the^est? to 
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cowpeas in the cowpea country of the South, and to the clovers 
throughout the Central and Eastern states. Where the special 
legume has not been grown successfully in the vicinity; or even on 
fields where the legume has not been grown for many years, and 
where neither manuring, overflow, nor dust storms have brought 
the bacteria from other fields, it is worth while to consider inocula- 
tion. 

The bacteria for clover, cowpea, and vetch are now very widely 
distributed over the United States (in part because of the par- 
tridge pea and wild vetches); but for alfalfa (except in alfalfa 
regions) and for soy beans, the question of inoculation should 
always be considered. For inoculating alfalfa, either alfalfa soil or 
sweet-clover soil can be used, care being taken to use only well- 
infected soil, collected where the plants have been growing for 
several years, well provided with root tubercles. 

The accumulated practical experience of the past twenty years, 
and the data thus far reported from many comparative experi- 
ments, combine to prove that the simplest and surest and most 
economical method of inoculation is by means of well-infected 
natural soil, collected where the plants are thrifty and free from 
noxious weed seeds, although the danger of carrying weed seeds or 
plant diseases by overflow, by wind storms, and in purchased ma-- 
nures and farm seeds is probably a hundred times greater than by 
using infected soil for inoculation. The amount of soil used varies 
from loo pounds to a wagon load to the acre. It may be applied 
broadcast with some degree of uniformity, and it should be mixed 
with the surface soil without delay, as by harrowing or disking, 
because exposure to the sunlight tends to destroy the bacteria. 

Successful seed inoculation can be performed with fresh, properly 
prepared artificial cultures, but, as a rule, this method has proved 
unsatisfactory. Ten years ago German promoters undertook to 
establish the business of selling nitrogen bacteria for seed inocu- 
lation, and more recently American promoters have widely ad- 
vertised similar products, but failure is the most common report 
from their use. ’ * 

For large seeds, such as soy beans, a very satisfactory method 
of inoculation, suggested by the Illinois Experiment Station, is to 
thoiot^iyy moisten the seed with a%) per cent solution of glue, 
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immediately sift over them sufficient dry, pulverized, infected soil 
to absorb all of the moisture, thus furnishing a coating of infected 
soil for every seed. The seed should be shoveled over a few times, 
then screened, and planted within a day, or spread out to dry, 
after which they may be kept as long as though not covered with 
dust. The coat of thoroughly infected soil provides a much better 
inoculation than is common from the use of artificial cultures, 
and it does not interfere with drilling the seed immediately after 
treatment. If this method is used for inoculating small seeds, such 
as alfalfa, greater care must be taken to screen them afterward to 
prevent clusters of seeds from remaining glued together. 

If seeds are moistened, they should either be planted very soon 
thereafter or spread out and thoroughly dried, otherwise they are 
likely to mold and lose vitality. Infected soil should never be long 
exposed to bright sunshine, which is very destructive to all forms 
of bacteria. 

There has been much discussion during recent years concerning 
the development of unusually virile bacteria, but even if it were 
possible to develop and maintain in the soil bacteria of greater 
nitrogen-fixing power, it is a question whether the discovery would 
have great practical value (especially after the first year), for the 
simple reason that bacteria multiply with such tremendous rapid- 
ity that we may soon have many times the number of bacteria that 
are really needed to do the work. In other words, the increase in 
numbers may result in just as great efficiency as would result from 
any increased power of the individual bacteria. One who carefully 
studies the formation of root tubercles on plants growing on soils 
in varying conditions or degrees of infection will observe that on 
plants sparsely infected the individual tubercles or clusters develop 
to enormous size, comparatively speaking; while in well-infected 
soils the individual tubercles are much smaller, and clusters scarcely 
form. It is also observed that the marked effect on the growth, 
color, and composition of the plant is produced even though only 
a half-dozen large tubercles form on the roots. It is very evident 
that the relationship between the bacteria and the host plant is 
such that if the soil is sparsely infected, so that the roots come in 
contact with but few bacteria, and but few tubercles are started, 
those few tubercles will be ^ enlarged, either in individy^s or as 
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clusters, that the multiplication and activity of the bacteria are 
sufficient to meet the needs of the host plant so far as nitrogen is 
concerned. Of course, as soon as the soil becomes well infected, the 
plant roots come in contact with large numbers of bacteria, and 
many tubercles are fornied, but most of them remain small, and 
no large clusters are formed, because the bacteria in the large num- 
ber of small tubercles are apparently capable of furnishing all the 
nitrogen needed by the host plant. If the other elements were 
provided in greater abundance, the tubercles would undoubtedly 
become enlarged, as much as necessary to supply the nitrogen 
needed to balance the supply of the other plant-food elements util- 
ized by the plant. 

Nitrogen from Soil and Air 

Experiments or demonstrations almost without number have 
been performed to determine the amounts of nitrogen taken from 
the air by various legume plants when grown in sand cultures 
essentially free of combined nitrogen, but there are much less data 
concerning the relative amoimts of nitrogen taken from the soil 
and from the air by legume crops grown on normal cultivated land. 

There are two methods by which such information can be se- 
cured with a fair degree of satisfaction. One of these is to deter- 
mine the amounts of nitrogen in infected plants and in similar 
plants not infected, grown on the same type of soil; and the other 
is to compare the total nitrogen content of a nonleguminous crop 
with that of a crop of infected legume plants, grown at the same 
time on similar soil. Though not strictly exact, these methods 
furnish practically correct information. 

In Table 33 are shown the results of a field experiment to de- 
termine the amount of nitrogen taken from the air by alfalfa when 
grown on the common corn-belt prairie land (Illinois Bulletin 

76). 

The difference between the amount of nitrogen contained in the 
crop from the inoculated soil, on the one hand, and in the crop from 
the uninoculated soil, on the other hand, represents the amount of 
nitrogen secured by the bacteria. In no case will this give too much 
credit t| the bacteria; but, if any unavoidable cross inoculation 
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Table 33. Fixation of Nitrogen by Alfalfa in Field Culxitre 
Illinois Experiments on Common Prairie Land 


Plot 

No. 

Treatment Applied 

Dry 
Matter 
IN Crops 
(Pounds) 

Nitrogen 
IN Dry 
Matter 
(Per Cent) 

Nitrogen 
IN Crops 
(Pounds) 

Nitrogen 
fixed by 
Bacteria 
(Pounds) 

la 

None 

1180 

1.85 

21.81 


lb 

Bacteria 

2300 

2.70 

62.04 

40.23 

2a 

Lime 

1300 

2.02 

26,-20 



2b 

Lime, bacteria 

2570 

2.65 

68.02 

41.82 

30 

Lime, phosphorus .... 

1740- 

2.03 

3540 



3 ^ 

Lime, phosphorus, bacteria . 

3290 

2.71 

89.05 

53-65 


occurred during the progress of the experiment, these amounts 
might understate the effect of the bacteria. It is very probable, 
however, that the increased root development, induced by ‘remov- 
ing the nitrogen limit in plant growth, would make it possible for 
the infected plants to secure somewhat more soil nitrogen than 
otherwise. (Note the effect of phosphorus in the record.) How- 
ever, this, too, should perhaps be placed to the credit of the bac- 
teria, even though it is not atmospheric nitrogen, because if such 
nitrogen existed in the soil solution, it would soon have been lost 
in drainage waters if not taken up by the enlarged root system of 
the growing crop. 

Slightly more than one third of the total nitrogen contained 
in the crop from the inoculated unfertilized plot was secur^ from 
the soil, with larger proportions and larger actual amounts for the 
other plots. 

It should be borne in mind that nitrogen is. required for root 
growth as well as for growth above ground, and that three other 
crops of alfalfa were cut from these plots during the season, this 
cutting having been made on May 2S, Evident cross inoculation 
occurred before a second cutting was obtained; but the data given 
iii Table 33 indicate that plot 16 secured about 172 pounds of 
nitr^en froiU. the air during the" season, the yield of air^dry hay 
having been 2563 pounds for the first cutting and 10,980 for the 
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season. The value of this “ gathered ’’ nitrogen amounts to $25.80 * 
per acre at 15 cents a pound. Similarly, plot 36, yielding 3625 
pounds of’air-dry hay in the first cutting and 17,060 per acre for 
the season, “gathered” 252 pounds of nitrogen from the air, 
worth $37.80 at 15 cents a pound. 

The Illinois Station also conducted a series of pot cultures in- 
cluding 12 inoculated pots and 12 similar uninoculated pots, the 
results of which support very well the field experiments reported 
in Table 33. (See Illinois Bulletin 76.) 

The Dominion of Canada Experiment Stations (Report for 1905) 
as an average of twenty-one pot cultures increased the nitrogen 
content of the soil from .0^92 per cent to .0457 by growing mam- 
moth clover for two successive seasons, and turning it all back into 
the soil. This amounted to 179 pounds’ increase of nitrogen per 
acre to a depth of 9 inches, but it should be noted that the soil was 
extremely poor in nitrogen, containing only 784 pounds in 2 mil- 
lion at the beginning. In a similar plot experiment for two full 
seasons, two cuttings of mammoth clover and all residues being 
returned to the soil each season, the nitrogen content was increased 
from .0437 to .0580 per cent, making a gain of 175 pounds per 
acre to a depth of 4 inches; but only 874 pounds of nitrogen were 
contained in 2 million of soil at the beginning; so that in both of 
these experiments the results are not very different than would be 
secured in sand cultures. The clover was reseeded each year and 
grown without a nurse crop. The average annual fixation reported 
amounts to less than 90 pounds per acre. 

In another experiment by the Illinois Station (Bulletin 94) 
six sets of immature cowpea plants (10 plants in each set) were 
carefully collected, tops and roots. Three sets were infected, the 
others not infected. The plants were taken from a catch crop 
grown after oats had been harvested, on land that had been heavily 
croppdi with com and oats xmtil nitrogen had become a limiting 
element, especially for a catch crop grown after oats. As a generd 
averagCj the infected plants contained 86 parts of nitrogen in the 
tops, 5 parts in the roofs, and 9 parts in the tubercles, while in 
direct comparison the noninfected plants containwi 25 parts of 

’ "Tliey not only work for nothing and board themselves, iHit they pay for the 
privily,” — D avenport. 
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nitrogen in the tops and 2 parts in the roots, thus indicating that 
73 per cent of the nitrogen contained in the infected plgints was 
secured by the bacteria. The nitrogen in the dry matter of the 
infected plants varied from 4.09 to 4.33 per cent in the tops, 
from 1.45 to 1.53 per cent in the roots, and from 5.76 to 6,05 per 
cent in the tubercles; while the nitrogen in the dry matter of 
the noninfected plants varied from 2.32 to 2.69 per cent in the 
tops, and amounted to .88 per cent (in each of three lots) in the 
roots. From an experiment with soy beans by the Wisconsin 
Station (Report for 1907), it is computed that only 14 per cent of 
the nitrogen contained in well-infected plants was secured from the 
air. The yield of dry matter was practically the same, but the 
infected plants were richer in nitrogen and protein, and thus of 
better quality. “ The soy beans were grown on low, rich soil in 
these experiments.” 

The Michigan Station (Bulletin 224) reports data showing that 
33 per cent of the nitrogen in soy beans was secured by the bacteria, 
on well-iiifected plants. 

As an average of 20 untreated plots in one test, and of 16 plots 
treated with phosphorus and potassium in another test, both over a 
period of 25 years, in a four-year rotation of com, oats, wheat, and 
hay (mixed clover and timothy), the Pennsylvania Experiment 
Station reports the following yields in pounds per acre per annum: 


Pounds per Acre 


Tkeatment 

Corn 

Oats 

Wheat 

Hay 

Ears 

Stover 

Grain 

Straw 

Grain 

Straw 

None 

Phosphorus, potassium . i 

2956 

3783 

1955 

2801 

1033 

1279 

1.403 

1762 

815 

iio8‘ 

1265 

1776 

2783 

4138- 


If we compute the nitrogen in the three uncultivated crops (see 
Table 23), adopt the estimate that the hay was three fourths clover 
and one fourth timothy, and assume the soil nitrogen for the hay 
crops to be as indicated by a curve projected from the amounts 
furnished to the oats and wheat crops, then the clover must have 
secured from the air 66 per cent of its nitrogen when grown on 



ORGANIC MATTER AND NITROGEN 


217 


untreated land, and 64 per cent on land treated with phosphorus 
and potassium, the average annual yields of nitrogen per acre 
being 29.1 pounds for oats, 25.9 for wheat, and 50.1 for hay, on 
untreated land, and 36.15 pounds for oats, 35.5 for wheat, and 75.5 
pounds for hay, on treated land. While the calculation of 65 per 
cent is probably near the truth for the treated land, where the 
nitrogen is likely to be the limiting element in crop production, 
the marked reduction in yield of nitrogen between the oats and the 
wheat crops on the untreated land is probably not a true index of 
the change in available soil nitrogen, because on these plots phos- 
phorus is certainly the limiting element for wheat, as will be seen 
from later discussion. 

In any case, we are safe in concluding that soil which will fur- 
nish from 26 to 36 pounds of available nitrogen for a crop of oats 
or wheat will also furnish approximately as much for the hay crops, 
whether timothy or clover. 

Clover and other legumes take available nitrogen from the soil 
in preference to the fixation of free nitrogen from the air, the latter 
being drawn upon only to supplement the soil’s supply and thus 
balance the plant-food ration. In other words, the legumes have no 
nitrogen limit in yielding power when properly infected, but with 
abundance of available soil nitrogen constantly provided to fully 
balance other essential elements or factors, there is little or no 
development of root tubercles, and little or no fixation of free nitro- 
gen occurs. 

From the experimental data here presented or referred to, and 
from many other calculations approximating exactness, the con- 
clusion may be drawn that on normally productive soils at least 
one third of the nitrogen contained in legume plants is taken from 
the soil, not more than two thirds being secured from the air. 
This proportion would apply to the nitrogen content of the roots 
as well as to the tops;' so that, if one third of the nitrogen of the 
entire plant is in the roots and stubble, and two thirds in the crop 
harvested, the soil would neither gain nor lose in nitrogen because 
of the legume crop having been grown, the soil having furnished 
as much nitrogen to the plant as remains in the roots and stubble. 

When grown on richer soils, such legume crops leave the soil 
poorer in nitrogen; but on poorer soils, furnishing less than the 
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normal amount of available nitrogen, the growing of such legumes 
would enrich the soil in proportion tO'its poverty. In othen words, 
to the soil that hath not, shall be givenfbut, from the soil that 
hath, shall be taken away. ! 

When properly infected, legume plants have power to make nor- 
mal growth and full development on soils absolutely devoid of 
nitrogen, if available mineral plant fo(xi, limestone, moisture, 
aeration, and all other essential factors are provided in abundance 
or perfection; and the statement sometimes made that the pres- 
ence of soluble nitrogen is necessary, in order to give clover a start, 
is not correct, as witness the accompanying illustrations of clover 
growing in purified quartz sand void of nitrogen, with all plant food 
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plants, as timothy or blue grass, whose roots may come in contact 
with the decomposing tubercles.^ In case of the noninfected cow- 
peas, only 7 per cent of He nitrogen was found in the roots at that 
stage of growth. 

Pot-culture experiments by the Dominion of Canada Experiment 
Station, with plants planted May 20 and harvested August 4, 
showed that very poorly infected horse beans contained 19 per 
cent of their nitrogen and 18 per cent of their organic matter in the 
roots, while better infected plants made a larger yield and contained 
25 per cent of their nitrogen and also 25 per cent of their organic 
matter in the roots; whereas well-infected mammoth red clover 
contained 40 per cent of its nitrogen and 35 per cent of its organic 
matter in the roots. 

In a field experiment with mammoth clover, seeded with barley 
in the spring and harvested May 25 the following year, the Cana- 
dian Station found, per acre, 123.8 pounds of nitrogen -in the tops 
and 48.5 pounds in the roots, to a depth of four feet, corresponding 
to 72 per cent in the tops and 28 per cent in the roots. 

As an average of four determinations with red clover, the Con- 
necticut Station found 28 per cent of its nitrogen, 35 per cent of 
its phosphorus, and 21 per cent of its potassium in the roots and 
stubble. 

As an average of two determinations by the Illinois Station, the 
red-clover roots found in the surface soil (0 to 7 inches) contained 
25 per cent of the total nitrogen of the plants, while only one per 
cent of the total was contained in the roots in the subsurface stra- 
tum (7 to 20 inches). In the case of nearly mature cowpeas, 12 
per cent of the total nitrogen was found in the surface roots (o to 
7 inched and i per cent in the subsurface (7 to 20 inches); and 
the corresponding figures for nearly mature soy beans were 8 per 
cent and i per cent. 

In Table 34 are recorded the data from an Illinois investigation 
of sweet clover, in which determinations were made of the total 
dry matter and nitrogen; (i) in the tops as they would ordinarily be 
cut with a mower, (2) in the surface residues, consisting of stubble 
and fallen leaves and old stems, (3) in the large roots in the plowed 
soil to a depth of seven inches, (4) in the smaller roots in the 
plowed soil, and (5) in the roots of the subsurface stratum from 7 
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to 20 inches in depth. The investigation was made when the sweet 
clover was full grown and nearly mature. The crop was started 
the previous season, sweet clover being biennial plant. 


Table 34. Illinois Investigations of Sweet Clover (Mellilotus alba) 


Parts of Plakt 

Depth 

(Inches) 

Dry Matter per Acre 

Nitrogen per Acre 

Pounds 

Per Cent 
of Total 

Pounds 

Per Cent 
of Total 

Tops harvested . . . 



0020 



174 



Surface residues . . 

— 

1338 

— 

23 

— 

Total tops .... 


10367 

81 

197 ' 

86 

Large surface roots . 

0 to 7 

1568 

— 

17 

— 

Small surface roots . 

0 to 7 

241 

— 

5 

— 

Total surface roots . 

0 to 7 

1800 

14 

22 

10 

Subsurface roots . . 

7 to 20 

601 

5 

9 

4 

Total roots .... 

0 to 20 

2410 

19 

31 

14 

Total tops and roots .... 

12777 

100 

228 

100 


It will be seen that the yield of sweet clover is very large, amount- 
ing to 6.4 tons of total dry matter, of which, however, the roots 
contain only 1.2 tons per acre, or less than one fifth of the total. 
The tops of sweet clover are nearly as rich in nitrogen as full- 
grown red clover (40 pounds per ton), but the roots contain only 
one seventh, or 14 per cent, of the total nitrogen. Nearly 24 per 
cent of the total nitrogen was found in the roots, stubble, and sur- 
face residues (largely of the previous season’s growth). 

The sweet clover used in the investigation was well infected; 
but, in a previous experiment on the saine soil (brown silt loam 
prairie of the early Wisconsin glaciation), it was found that the 
yield of sweet clover was almost exactly doubled by thorough 
inoculation, and the percentage of nitrogen in the infected plants 
was also about one half more than in the noninfected plants, 
showing that on this soil about two thirds of the nitrogen required 
for this large crop was secured from the air. 

While sweet clover makes a fair quality of hay, if cut suflhciently 
early in its growth, and is also used for pasture with some success 
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when nothing better can be had, it is not to be compared with 
red clover or alfalfa for either purpose, but it does give promise 
of great value as a gree# manure crop, and it seems apprtjpriate 
to emphasize the fact that the 6.4 tons of dry matter furnish as 
much humus-forming material and as much nitrogen as would be 
furnished by 25 tons of average farm manure. 

In the Wisconsin experiments above referred to, the infected 
soy beans contained in their roots about 4 per cent, 6 per cent, and 
5 per cent, of their nitrogen, phosphorus, and potassium, respec- 
tively; and in the Michigan experiments the corresponding figures 
are about 4 per cent, 6 per cent, and 6 per cent, respectively. 

From an exhaustive investigation of the crimson-clover plant 
{Trifolium incarnatum), Penny (Delaware Bulletin 67) reports the 
following average results for fall-seeded crops harvested about 
May 15, when nearly in full bloom: 


Table 35. Composition of Crimson Clover in Bloom 
Delaware Experiments; Pounds per Acre 


Parts of Plant 

Air-dry 

Matter 

Nitrogen 

Phos- 

phorus 

Potassium 

Tops, pounds 

4512 

103 

7.6 

70 

Roots, pounds 

2022 

41 

3-1 

15 

Total, pounds ........ 

6534 

144 

10.7 

8S 


Percentage of Total 


Tops, per cent 

69 

72 i 

71 

82 

Roots, per cent 

31 

28 

29 

18 


The proportions were found to vary considerably, but this gen- 
eral average shows the crimson-clover roots (to a depth of 24 
inches) to contain less than one third of the organic matter, 
nitrogen, and phosphorus, and less than one fifth of the potassium 
of the entire plant. It was found that 77 per cent of the roots were 
in the first 6 inches of soil, and 13 per cent in the second 6 inches, 
7 pw cent in the third, and 3 per cent in the fourth 6 inches. 

In Table 36 are recorded much additional information concern- 
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Table 36. Composition of Plants (Tops and Roots) 
Delaware Experiment Station : Crops seeded July 22 


Crop, and 
Date op 
Harvest 

Parts of Plant 

Pounds per Acre and Per Cent 

IN Roots 

Air-dry 

Matter 

Nitro- 

gen 

Phos- 

phorus 

P9tas- 

Cowpeas 
Nov. 7 

Tops 

Roots, 0 to 8 inches 

Roots, 8 to 12 inches .... 
Per cent in roots 

3718 

301 

9 

65.2 

4.2 

.1 

7.2 

I.O 

.1 

' 39-2 

1.9 

.1 


6 

13 

8 

Soy beans 
Nov. II 

Tops 

Roots, 0 to 8 inches 

Roots, 8 to 12 inches .... 
Per cent in roots 

6790 

717 

^9 

130.9 

8.8 

•5 

16.5 

I.O 

.0 

38-3 
, 1.4 

.1 

10 


5 i 

4 

Vetch 

Nov. 19 

Tops 

Roots, 0 to 8 inches 

Roots, 8 to 12 inches .... 
Per cent in roots 

3064 

584 

16 

108.0 

12.8 

■4 

9.8 

2.0 

65.1 

5-7 

.2 

17 

II 

18 

8 

Crimson 
clover 
Nov. 20 

Tops 

Roots, 0 to 8 inches 

Roots, 8 to 12 inches . . . 

Per cent in roots 

5372 

381 

32 

128.2 

5-7 

•5 

25-9 

.8 

.1 

69.7 

3-2 

•3 

7 

6 

Si 

5 

Alfalfa * 
Nov. 20 

Tops 

Roots, 0 to' 8 inches 

Roots, 8 to 12 inches .... 
Per cent in roots 

2267 

1972 

8 

54-8 

40.2 

.2 

5-7 

3-7 

.0 

26.7 

7-9 

.0 

47 

42 

39 

23 

Red 
clover 
Nov. 22 

Tops 

Roots, 0 to 8 inches 

Roots, 8 to 12 inches .... 
Per cent in roots 

2819 

1185 

27 

69.8 

32-5 

.7 

8.3 

4-3 

.1 

38.6 

8.0 

.2 

30 

32 

35 

18 

Cow-horn 
turnip - 
Nov. 15 

Tops 

Roots 

Per cent in roots 

256s 

2902 

64.4 

44-7 

6.2 

51 

66.6 

51 - 8 , 

53 

41 

45 

44 

Rape 

Nov. 16 

Tops 

Roots, 0 to 8 inches ..... 
Per cent in roots 

5533 

864 

116.2 

13.2 

18.3 

2.2 

123.0 

10.9 

i 3 i 

10 

ii 

8 
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ing the composition of the tops and roots of the most important 
field legumes. It summarizes a series of investigations by Penny 
and Close, and confirms much other data relating to these crops 
and bearing directly upon the problems of supplying the soil with 
organic matter and nitrogen. 

As an average of all determinations, it is safe to say that about 
one third of the nitrogen of the red-clover plant is contained in the 
roots and stubble, and that the growth of clover above ground 
contains, before rotting or leaching, about 40 pounds of nitrogen 
to the ton of air-dl:y substance. 

Alfalfa contains a somewhat larger proportion of its nitrogen in 
the roots, at least during the first year of its growth; and possibly 
the total nitrogen of the alfalfa roots would average one half as 
much as the total removed in the crops, even when the plants are 
several years old, considering the entire root system, which com- 
monly reaches a depth of 20 feet or more with old plants. Alfalfa 
hay contains 50 pounds of nitrogen per ton. 

In the case of such annuals as cowpeas and soy beans, not more 
than one tenth of the nitrogen is found in the roots and stubble, as 
a rule. The crop above ground contains (when thoroughly air-dry) 
about 43 pounds of nitrogen per ton for cowpeas and about 53 
pounds per ton for soy beans. 

Extensive experiments are in progress in Illinois to determine, 
under actual field conditions, what systems of grain farming (with 
green manures and crop residues) and what systems of independent 
live-stock farming will increase or maintain the organic matter 
and nitrogen of the soil; but these are investigations that require 
time, and but few results have as yet been published. 

.A series of pot cultures has been reported (Illinois Bulletin 
11$) which illustrates the fact that legume green manures may 
take the place of commercial nitrogen. 

The soil used in these experiments was the yellow silt loam from 
the unglaciated area of southern Illinois (Pulaski County), which, 
as will be seen from Table 15, is quite deficient iu^nitrogen. The 
field from which this soil was collected had been under cultivation 
for about 75 years, during which time the average yield of wheat 
had decreased fronr about 25 bushels to 5 bushels per acre. 

In the pot-culture experiments, catch crops of cowpeas were 
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planted on certain pots every year after the wheat was harvested, 
the legumes being turned under before sowing wheat for the next 
year. 

From a study of Table 98, it will be seen that practically no gain 
has been made except where nitrogen has been supplied, either 
directly in commercial form or indirectly by means of legume 
treatment. It should be borne in mind that no legume treatment 
preceded the 1902 wheat crop. The catch crop of cowpeas which 
was planted after the 1902 wheat crop and turned under later 
in the fall, produced a marked effect upon the 1903 wheat crop. 
This effect became more marked in 1904 and 1905, when every pot 
receiving legume treatment outyielded the pot receiving lime- 
nitrogen treatihent. Previous to 1905, the addition of phosphorus 
to nitrogen or legume treatment always increased the yield. The 
addition of potassium still further increased the yield more or 
less. The effect of both phosphorus and potassium has been less 
where decaying organic matter has been provided in the legume 
treatment than where the nitrogen has been supplied in commercial 
form (dried blood) carrying but little organic matter. 

The last line in the table gives the yield from a pot of virgin 
soil collected from a piece of unbroken virgin sod land adjoining 
the cultivated field from which the soil in all the other pots was 
taken. 


Nitrogen Fixation by Nonsymbiotic Bacteria 

Aside from the fixation of free nitrogen by the bacteria living in 
symbiotic relationship with legume plants, there are at least three 
groups of bacteria that have nitrogen-fixing power without this 
relationship. 

First, and possibly of greatest importance, are the legume 
bacteria themselves, which continue to fix nitrogen in pure cultures 
entirely separated from legume plants, and very probably also 
continue thus to fix some nitrogen in the soil, even after the 
legume plants have been destroyed, the bacteria drawing their 
nutriment from the decaying organic matter. 

Second, is the anaerobic group of bacteria discovered by Wino- 
gradsky in 1893, and called Clostridium; but these have little 
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agricultural significance, because they develop only in the absence 
of free oxygen. 

Thirci, is the azotobacter, an aerobic group described by Beijer- 
inck in 1961, of which Lipman has recently found some additional 
species, one of which {Azotobacter vinelandii) appears to be quite 
active in the fixation of free nitrogen when the best artificial condi- 
tions are provided. (See Lipman’s “ Bacteria in Relation to Coun- 
try Life,” page 199.) 

Beijerinck has found, ‘‘ as a result of improved technique for the 
determination and study of the distribution of the organism, that 
azotobacter fixes nitrogen, and that there is a distinct relation 
between the distribution of this organism and leguminous plants.” 
The author questions if there may not be a relationship between the 
legume bacteria and the azotobacter. (See Experiment Station 
Record, 1909, Vol. 20, page 920.) 

Whether any of^ these nonsymbiotic bacteria are of appreciable 
agricultural importance under practical conditions, is not fully 
established. It is known, however, that a supply of organic matter 
is essential for their development, and the organic matter of the 
soil which must be decomposed in order to furnish their necessary 
supplies of carbonaceous food may also furnish part or ail of the 
nitrogen which they require. 



CHAPTER XV 

ROTATION SYSTEMS FOR GRAIN FARMING 

About three fourths of the farmers of central United States are 
so-called grain farmers. There has always been a large proportion 
of grain farmers; and, furthermore, there always will be, and al- 
ways must be, for the world does not live by meat alone, nor even 
upon meat and dairy products; bread is the staff of life. 

Notwithstanding these well-known facts, whenever the grain 
farmer of central United States has asked for information as to 
how he could maintain the fertility of his soil, the reply has always 
been, “ Become a live-stock farmer.” While this may or may not 
be good advice for the individual farmer, it is certainly not good 
advice for all the farmers of the state or nation. 

On the other hand, grain fanning is not only profitable, — and 
often more profitable than live-stock farming, —but there are 
methods, and profitable, practical methods, by which the grain 
farmer can not only maintain the fertility of his soil, but even make 
it more productive than it ever was even in its virgin state. 

Let us consider the simple three- year rotation: (i) com, (2) 
oats, and (3) clover, which is becoming somewhat common in the 
Illinois corn belt; or (i) com, (2) wheat, and (3) clover, the most 
common crop rotation of Ohio. Of course, as many fields should 
be provided as there are years in the rotation, so that every crop 
may be represented every year. 

We may assume yields of 100 bushels per acre of com and oats, 
50 bushels of wheat, 4 tons of clover, and 4 bushels of clover seed; 
or these yields may be divided by two, the same proportions being 
maintained. With the smaller yields the com, oats, and clover 
seed will remove 86| pounds of nitrogen; while, in accordance with 
the average data thus far obtained, we may count that the clover 
secures 40 pounds of nitrogm from the air for each tcai of hay it 
336 
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would produce, the nitrogen contained in the roots and stubble 
being no more than that furnished by the ordinary com-belt soil. 
If the two regular cuttings would make two tons of clover hay; 
and if the growth of clover during theprevious season (after wheat 
or oats harvest) and during the autumn (after the clover-seed 
harvest) and the following spring (before plowing for com) would 
make another half-ton of clover hay, or two and one half tons in 
all, then 106 pounds of nitrogen would be secured from the air to 
balance the 86^ or 89 pounds removed in the grain and seed. 
In other words, from 13 to 15 per cent more nitrogen is returned 
by the clover than is removed in the grain and seed. 

Oil normal soils the only addition to this system that is neces- 
sary in order to establish a permanent agriculture is the applica- 
tion of 20 pounds of phosphoms for the lower yields, or 40 pounds 
for the larger yields, these amounts being ample to replace the 
phosphorus removed in the grain and seed and to cover all possible 
loss by leaching. For the smaller yields, 200 pounds per acre of 
steamed bone meal or 200 pounds of raw rock phosphate or 400 
pounds of acid phosphate, every three years, will be more than 
sufficient to maintain the phosphorus content of the soil; and twice 
these quantities would be ample for the larger yields after the 
productive power of the soil has been raised to that point. To do 
this may require much heavier initial applications of phosphorus, 
or moderately heavy applications for the first four or five rotations. 
Thus, an application of one ton of good rock phosphate (12} per 
cent phosphorus) every three years would add 1250 pounds of 
phosphprus per acre in 15 years, or more than 1000 pounds above 
the amount removed in the grain or seed for the larger yields in 
the rotation. In other words, the phosphorus content of the aver- 
age Illinois surface soil should be doubled in 15 years under this 
system, and the annual cost of phosphorus ($2.50) would be no more 
than is commonly paid by farmers in the Eastern and Southern 
states for so-called “ complete ” fertilizers. If the phosphorus 
applied produced increased yields of 7 bushels of com and equiva- 
lent values of other crops, the cost would be covered by the in- 
creased crops. (See actual results reported in later pages.) 

This system requires that the ears of corn^hall be husked and 
the stalks returned to the soil, that the oat straw and clover straw 
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shall also be returned to the land after threshing out the grain or 
se^, and that the regular crop of clover shall be mowed and left 
lying on the land. If necessary, to prevent too rank a growth 
(which might smother the plants), the clover may be mowed twice 
before the seed crop is allowed to grow. 

If the larger yields are considered, the same rotations hold, ex- 
cept that the richer soil would very possibly furnish a larger pro- 
portion of the nitrogen required by the clover plant.* 

With some modifications, these two three-year rotations may he 
combined in a six-year rotation of (i) com, (2) com, (3) oats, 
(4) clover, (5) wheat, and ,(6) clover, which avoids the necessity 
of seedihg wheat on the com ground, a task sometimes difficult 
to accomplish. If necessary, this may be reduced to a five-year 
rotation, either by omitting one com crop, or by plowing under the 
clover in the spring of the fifth year as late as practicable for com. 
With the former change it will be less difficult, and with the latter 
more difficult, to maintain the nitrogen, than with the six-year 
rotation. 

A four-year rotation, which the author prefers for the general 
conditions in the North Central states, includes the four crops, 
wheat, corn, oats (or barley), and clover, in the order given. 
Clover should also be seeded on the young wheat in the early spring, 
and plowed under (after disking, if necessary to insure capillary 
connection) as late as practicable the next spring before planting 
corn. In grain farming only the seed crop of clover is removed 
from the land, and the phosphate is plowed under with the clover 
residues for the wheat. All of the threshed straw (from wheat, 
oats, and clover) is hauled from the threshing directly to the field, 
where it may be thrown off in windrows, and soon afterward spread 
over the land as uniformly as necessary. It may be used for a top 
dressing for wheat, or it may be applied in moderate amounts to 
the land from which wheat has been harvested, where the young 
clover ia growing as a green manure for the following com crop. 
Judgment must always be exercised in the matter of applying 
large amounts of straw, or of plowing imder heavy crops, or applica- 
tions of coarse material, which may do damage if turned un^er 
too late in the spring, especially if the season is dry or if the soil is 
deficient in lime. 
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For southern Illinois and other Southern states, a four-year rota- 
tion of (i) com, (2) cowpeas (or soy beans), (3) wheat (or oats), 
and (4) clover is very satisfactory; and a three-year rotation, 
in which it is more difficult to maintain the nitrogen, is (i) wheat, 
(2) com, and (3) cowpeas; or (i) cotton, (2) com and cowpeas, 
and (3) oats and cowpeas, in either of which soy beans may be sub- 
stituted, and should be substituted in case of danger from cowpea 
wilt or other disease; and similarly, alsike or sweet clover may be 
sometimes substituted for red clover in case of clover sickness, 
which is more fully discussed later on. In these rotations consider- 
able use can be made of legume catch crops. Thus red clover or 
sweet clover may be started with the wheat and plowed under the 
following spring as green manure for corn, or cowpeas can be grown 
after the wheat is harvested. Clover or vetch or cowpeas (or a 
mixture of legumes) can be seeded in the corn at the time of the 
last cultivation and plowed under late the following spring before 
seeding the regular cowpea crop; and, where cotton is to follow, 
some legume catch crop could be seeded after the regular cowpea 
crop is harvested, allowed to grow during the late fall, winter, and 
early spring, and plowed under for cotton. 

If necessary, not only the cotton stalks, but also the cotton seed 
may be returned to the land, the lint of itself being of much greater 
value than any grain crop. (Two bales of cotton, or 1000 pounds 
of lint, worth $100, is no larger crop, comparatively, than 100 
bushels of com, worth $40, as a ten-year average price in Illinois.) 

Any one who is familiar with agricultural practice can estimate 
closely the probable or possible crop yields, and with the yields 
determined and with the disposition of the crops, catch crops, and 
crop residues decided upon, any one can compute very closely 
from the data given in Table 23 as to the probable maintenance 
of the nitrogen supply. 

Two factors of opposite effect — (i) the loss of nitrogen, espe- 
cially by leaching, and (2) the addition of nitrogen in rain and by 
fixation of free nitrogen independent of legume plants, especially 
by the azotobacter (factors which tend to counterbalance each 
other) — are discussed on another page. 

From all of the facts it will be understood that there is just as 
niuch re^n md as much satisfaction in computing that a 50* 
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bushel crop of com removes from the soil 74 pounds of nitrogen and 
that eight tons of average manure, or two tons of clover, plowed 
under will return 80 pounds of nitrogen to the soil, as there is in 
estimating the quantity of com and hay, that will be required to 
feed a car load of steers for eight months. 

The average American grain farmer “ changes ” his crops more 
or less by occasionally substituting oats or barley for corn or 
wheat. He rarely even plows under a catch crop of^lover, often 
burns^his straw and corn stalks, and makes almost no effort to 
restore to the soil the fertility removed in crops. The supply of 
active organic matter rapidly decreases. Consequently the land 
soon reaches a condition of low productiveness, and he is correctly 
termed a “ soil robber.’’ He knows his soil is running down, but 
he hopes it will last as long as he does. 

The average live-stock farmer is forced to keep more or less of 
his land in meadow and pasture, and in the residues and grass 
and clover roots supplies some fresh organic matter, which, as it 
decays, hastens the decomposition of the old humus and also the 
liberation of mineral elements from the soil. By these means and 
by the better avoidance of insect injuries and plant diseases, he 
produces larger crops when corn or other grains are grown, which 
may reduce the fertility of his soil even more rapidly than the 
smaller crops of the grain farmer; but he does not know it, and, 
as he makes a good show on new, rich land for two generations or 
more, he is incorrectly held up as a “soil builder.” In actual 
practice most of the farm rarely, if ever, receives an application of 
manure. “ Farm manure is good enough, but there’s not wibugh 
of it ” is the common report of experienced live-stock farmers. 
This inadequacy of the manure supply i€ due not only to the large 
■ destruction of organic matter when fed to animals, but also in part 
to unavoidable losses of manure and in part to unnecessary waste. 

In planning systems of permanent agriculture of wide appli(^- 
tion, a distinction should be kept in mind between the ordinary 
live-stock farmer, who markets his own farm produce in the form 
of fneat, wool, or dairy products, and the stock breeder, who sells 
breeding animals at higher prices, or the stock iefeder, who often 
buys both stock and feed and is to that extent not a farmer but a 
manufacturer. 



CHAPTER XVI 

LIVE-STOCK FARMING 

If a four-year rotation is practiced, including two crops of com, 
followed by oats, with clover seeded the third year, and closer for 
hay and pasture the fourth year, and all crops used for feed and 
bedding, the nitrogen balance can be determined by simple com- 
putations based upon facts established within narrow limits by 
such data as have been cited in the preceding pages. We may 
assume 50-bushel crops of com and oats, and ij tons of hay in the 
first cutting, with i ton additional for all previous and subsequent 
growth, the same as for the grain system; or here, too, we may 
double the assumed yields and maintain the same proportions. 
With the lower yields the three grain crops and the i| tons of 
clover hay would contain 256 pounds of nitrogen. Under' the 
most careful system of saving manure, three fourths of this, or 192 
pounds, can be returned directly to the land, and to this may be 
added 30 pounds of nitrogen added to the soil in the manure from 
the one ton of pastured clover, making 222 pounds added by pastur- 
ing and manuring. If wp consider that the nitrogen contained in 
the clovej hay was taken from the air, the real draft upon the soil 
is only 196 pounds. In this system about 13 per cent more nitro- 
gen is returned in the manure and pasture than is removed from 
the soil by the three grain crops. 

If the rotation is extended to five years by sowing clover and 
timothy and pasturing the fifth year, assuming the growth to be 
three fourths clover the fourth year and the pasture herbage to 
be only one fourth clover the fifth year, the outcome with respect 
to nitrogen would be 256 pounds removed from the soil and 267 
pounds returned in the manure and pastqje droppings during the 
five years, if we disregard the strong probability that timothy, 
growing as a companion crop, secures some portion of its nitn^cai 
from the decaying tubercles of the clover roots. 

231 
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If we assume that three fourths of the produce harvested is Used 
for feed and one fourth for bedding, and that one third of the or- 
ganic matter consumed by animals is recovered in the manure or 
droppings, then the four-year rotation under live-|tock fanning 
would add organic matter to the soil at the rate of tons a year, 
while the three-year rotation of com, oats, and clover, under the 
grain system, would add organic matter at the rate of if tons a 
year. 

Thus, it will be seen that the grain system under a three-year 
rotation of com, oats, and clover, or of com, wheat, and clover, or 
under a four-year rotation of wheat (and clover), corn, oats (or 
barley), and clover; or under a six-year rotation of com, com, 
oats, clover, wheat, and clover, will maintain the nitrogen as well, 
and the humus, or organic matter, somewhat better, than the Live- 
stock system under the four-year rotation of com, corn, oats, and 
clover, or under the five-year rotation of corn, com, oats, clover, 
and timothy, with all produce either harvested or pastured. 

Furthermore, the most uncertain feature in these methpds is in 
regard to saving the manure. The computations here given pro- 
vide for practically no loss of solid or liquid excrement, for no loss 
by fermentation or fire-fanging, which may occur even under 
cover, and for no loss by leaching of manure exposed to the weather 
in the open barnyard. It is common knowledge that a large part 
of the value of manure is frequently lost before it is applied to the 
land. 

The author has diligently inquired at many farmers' meetings 
for several years for a man who had applied manure made from 
crops grown on his own farm to all of the cultivated land on a 160- 
acre farm, — not to all during one year or during one rotation, but 
even during all the time he had farmed the land.' Very few men 
have been found who could answer that all of their cultivated 
land had been thus manured, — not more than one in a thousand. 

In nearly all sections of the country a farmer can be found, here 
and there, — sometimes one in ten, and sometimes only one in a 
hundred, — who feeds ^ the crops he raises and also all that he 
can buy at reasonably low prices from his neighbors, who supple- 
mqits all this with more or less purchased bran and shorts, oil 
me^, cotton-seed meal, etc., and who is thus able to produce suffi- 
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cient manure of good quality to maintain or even to increase the 
fertility of his own farm. 

In specially favored localities, a few farmers haul manure from 
town, or even ihip it from the larger cities, especially for use in 
market gardening, and they, too, are thus enabled to enrich their 
lands at the expense of many other farms; but no extensive state 
or nation ever has or ever can maintain sufficient live stock, even 
in. country aifti city combined, to furnish manure with which to 
maintain the productive power of all the farm lands. 

Even under the best system of independent live-stock farming; 
that is, without dependence upon the purchase of supplementary 
food stuffs or the use of manure from town, it is necessary to pur- 
chase and apply some phosphorus in order to replace that sold in 
the animals and animal products, butter and cream being the only 
important farm products that do not contain appreciable amounts 
of phosphorus. 

In order to increase the phosphorus content of normal soils, 
phosphorus should be applied in live-stock farmiiig the same as 
in grain farming, but to merely replace that sold in animal products 
will require applications of only one half as much phosphorus as 
is required for grain farming, assuming that all of the grain and 
clover and part of the corn stover and oat straw are eaten by the 
live stock. Thus, for the larger yields, the loss of phosphorus 
would be about 20 pounds per acre in four years with live-stock 
farming, and 30 pounds in three years with grain farming, as can 
readily be determined by computation from the data given in 
Table 23 and the results of the digestion and feeding experiments 
with dairy cows by the Illinois Station, with dairy cows and steers 
at the Pennsylvania Station, and with sheep at the Ohio Station, 
from which we must conclude that as an average at least one fourth 
of the phosphorus contained in the feed is not recovered in the 
manure. 

In comparison with these permanent systems of agriculture, it is 
worth while to compute the results of a four-year rotation of three 
crops of com and one of oats, seeded with clever to be plowed under 
the next springs assuming that the com is husked and the stalks 
burned (except the third year, when the stalks are disked down for 
oats), that the oat crop is all removed, and that the total growth 
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of clover would equal one ton of hay per acre. This will be recog- 
nized as the “ best ” common system of grain farming followed in 
past years in the heart of the com belt. And not infrequently the 
live-stock fanning has been like unto it, except that the com 
stalks have been pastured before being burned or disked down, 
the clover has been pastured the first fall, cut for hay the next 
summer, and pastured again before plowing for com, and lo loads 
per acre of rotted and leached manure have been*applied occa- 
sionally to the high places, where the land is getting thin and where 
the clover fails to catch. 

Another most significant fact should be considered in this com- 
parative study of grain farmings and live-stock farming; namely, 
that logo bushels of grain has at least five times as much food 
value and will support five times as many people as will the meat 
or milk that can be made from it, (Not more than one fifth of the 
nitrogen consumed in the food of animals is retained, as a rule, in 
the milk or other edible animal products, and the proportion saved 
of carbonaceous food is usually still less.) 

In his American lectures on the “ Agricultural Investigations at 
Rothamsted, England, during a Period of Fifty Years,” which 
were published as Bulletin 22 , Offic^ of Experiment Stations, 
United States Department of Agriculture, Sir Henry Gilbert 
“ summarizes the results of very numerous e’xperiments ” conducted 
at Rothamsted with growing and fattening.cattle, sheep, and swine. 
From this summary we obtain the following data: 


Disposition of ioo Pounds of Dry Substance in Food Consumed 
Summary of Rothamsted Feeding Experiments 


Animals used in Experiments 

Cattle 

s 

Swine 

Dry substance found in animal increase, pounds . . 

6.2 

■8.0 

17.6 

Dry substance found in excrements, pounds . .. . . ! 

■36-5 i 

31-9 

16.7 

Dry substance destroyed by the animal, pounds . . . j 

57-3 1 

60.1 

65-7 

Average per cent of fat in the fat animal .... 

■ . 

30 

33 ' ' 

44 


Tljj^' a large proportion of the food digested is destroyed by 
the animal and must be exhaled or thrown off as carjton dioxid, 
Ipitt^er, urea, etc. Of the small percentage of the food that is 
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actually in the animal tissues, only one half to two 

thirds may serve*as human food, after discarding the offal and non- 
edible partsi On the other hand, the carbohydrates of the food 
contribute largely to the formation of animal fat, the energy value 
of which is about' 2 J times that of carbohydrates; so that, in case 
of fat swine, the edible food produced is equivalent to about 2o 
per cent of the dry substance in the ration consumed by the ani- 
mal; while, in the production of fat cattle, less than 10 per cent of 
the dry matter in the ration consumed is represented in the human 
food produced. 

These data do not answer questions as to the comparative value 
of vegetable and animal food for human nutrition; but 50 cents 
for a piece of steak, with 10 cents for potatoes, and no extra charge 
for bread, must roughly represent the relative cost of the materials; 
and perhaps the vegetarian would hold that the steak might as 
well be replaced by peas or beans costing 10 or 15 cents. 

With aU of these facts considered, it seems evident that live- 
stock farming must and should continue to decrease, except on 
rough lands not suited to cultivation, in semiarid sections where 
the average produce is not worth harvesting otherwise, or in espe- 
cially favored sections near the cities where dairy farming is 
profitable and may easily be made permanent because of the addi- 
tion of manure hauled from town or made from purchased feeds. 

It should be understood, however, that America still produces a 
large surplus of grain suitable for human food, and for some years 
to come more or less of this, especially of com, will be most profit- 
ably marketed through the production of live stock. For the 
live-stock fanner, ‘all must agree with the following statement 
from Mumford’s “ Beef Production ” (page ^3) : 

“When we remember that the production of manure of the looo-pound 
steer for a six-months’ feeding period varies from three to four tons, we can 
appreciate what a factor farmyard manure may become in increasing the 
revenues of the farm, and that profits and loss^ in cattle feeding should ncrt 
stop with a .consideration of the cost of cattle and feed and their selling 
price.” 



CHAPTER XVII 

THE USE OF PHOSPHORUS m DIFFERENT FOMIS 

Having determined how to correct soil acidity (when necessary) 
and how to keep the soil sweet, by means of ground limestone; 
having determined how to maintain or increase the supply of or- 
ganic matter and nitrogen in the soil, by means of farm manure 
in live-stock farming, or by means of legume crops and catch crops 
and crop residues in grain farming, or by a combination of these in 
mixed or diversified farming, which is sometimes preferable and 
more profitable than either alone; and having determined the 
absolute necessity of maintaining or increasing the supply of p^ps- 
phorus in the soil by direct applications exceeding' the amounts 
removed in crops harvested, — the next most important question, 
and the only remaining exceedingly important question, is. What 
form or forms of phosphorus shall be used? 

There are four general sources of phosphorus for use in soil 
improvement: (i) farm manure, (2) boiie meal, (3) phosphate 
rock, and (4) basic slag phosphate. 

The first two are themselves farm products, and at the best only 
provide that the phosphorus taken from the soil shall be returned 
to the soil, and if there is any loss whatever, the ultimate effect, 
applied to the state or country as a whole, must be a reduction 
in the general average fertility of the soil. 

To supply, to a 46-acre field 1000 pounds of ‘phosphorus (25 
pounds per acre) in the form of manure made from purchased corn, 
would require an investment of more than $3000 at 40 cents a 
bushel for conit While the purchase of grain and other food stuffs 
provides a method by which soils can be positively enriched in 
phosphorus, and while there is usually more or less profit from feed- 
ing, so that the phosphorus thus obtained may really cost nothing 
in the end, nevertheless, it is worth while to keep in mind that this 
method requires large capital, special equipment, such as buildings, 
*36 
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water supply, and fences, and some knowledge and skill in the live- 
stock line, including business ability in the purchase and sale of 
stock and animal products, in addition to the requirements for the 
production of crops. 

The addition of phosphorus in farm manures is undoubtedly 
one of the best methods for those who are able to practice it, and 
by use of liberal proportions of grain and other concentrates rich 
in phosphorus, especially bran from different grains, cake or meal 
from various seeds from which the oil has been expressed, very 
considerable amounts of phosphorus are added. It is important, 
however, to understand and to keep in mind that average farm 
manure is poor in phosphorus in comparison with its content of 
nitrogen and potassium, especially when made from the produce 
that remains after part of the grain has been sold from the farm, 
and more especially when used in connection with a rotation in- 
cluding legume crops and on soils abundantly supplied with po- 
tassium but poor in phosphorus. In other words, under such con- 
ditions average farm manure is a very poorly balanced fertilizer, 
and if used even in moderate quantities the production of stalks 
or straw is likely to be excessive in comparison with the yield of 
grain; and the small grains are also likely to lodge, because the 
unbalanced ration produces weakness even in straw of large growth. 

Considering the more concentrated phosphorus products, there , 
are four classes to be kept in mind; (1) natural bone, (2) natural 
rock phosphate, (3) basic slag phosphate, and (4) acid phosphate. 

In the first group are raw bone meal, steamed bone meal, bone 
tankage, and phosphatic guanos. In the second group are the va- 
rious natural mineral phosphates, as the hard and soft phosphates 
of Florida, thejand rock and pebble phosphate of South Carolina, 
the brown and blue phosphates of Tennessee, and the apatite of 
Canada. The third group consists of basic slag only, sometimes 
called Thomas phosphate. The fourth group includes all acidulated 
phosphates, such as acidulated bone meal, acidulated bone black, 
acidulated bone ash, common acid phosphate, and double super- 
phosphate. The term dissolved is often used for acidulated goods. 

Non-acidulatfed bone black and bone ash are best considered as 
belonging to the second group with the natural mineral phosphates- 

In groups I and 2, the phosphorus is present chiefly in the same 
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•compound, tricalcium phosphate, the ditt^rence be- 

tween these two groups being the presence of more or less organic 
matter within the pores of the bone, \^ile the products in group 2 
contain little or no organic matter. In group 3 the phosphorus 
is contained in a basic or alkaline compound or mixture, and in 
group 4 the phosphorus exists chiefly in monocalcium phosphate, 
an acid salt. This form of phosphorus is soluble in water, and even 
the dicalcium, or “ reverted,” phosphate is soluble in very weak 
solvents (as in neutral ammonium citrate solution) ; while all prod- 
ucts in -groups i, 2, and 3, are known as insoluble forms of phos- 
phorus. 

About seventy years ago Sir John Lawes, independent of a 
suggestion previously made by Liebig, treated bone meal with 
sulfuric acid and formed an acid phosphate that proved of greater 
benefit to the turnip crop grown on the Rothamsted soils than 
the crushed bone or coarse bone meal then in use; and in 1842 
a patent was taken out by him for treating mineral phosphates 
with sulfuric acid in order to increase their availability in crop 
production. 

Acidulated bone meal has been much used as a fertilizer, but 
gradually its use has given way, largely because the most success- 
ful and influential farmers in our Eastern states have insisted that 
in the long run fine-ground pure raw bone meal was more profit- 
able than acidulated bone. It is always recognized that the acidu- 
lated bone gave the best results the first year, but, on the basis of 
equal cost, the raw bone proved much more durable, and hence, 
more profitable in the end, especially where good rotations were 
practiced and some effort made to keep the soil supplied with 
organic matter. 

In more recent years steamed bone meal is replacing the raw 
bone, because,, as a rule, it gives better results, due in part to its 
larger phosphorus content and in part to the fact that it is usually 
more ^ely ground than the raw bone. There are still to be found 
those who argue that “ if one wishes to benefit himself, he should 
use acidulated phosphates, but if he wishes to benefit his gjand- 
chiidren, he should use bone.” However, the f^ers' demand 
for “ pure raw bone ” and for “ steamed bone meal ” continues to 
increase, and this steady dmand is based lon^-coiiitmued 
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experience in the practice of agriculture. These products are 
everywhere looked upon as safe fertilizers. They never injure the 
soil, and where most used they are classed with farm manure in 
that regard. And this is a correct view, for farm manure and bone 
are two important products from the same source. In other words, 
from the fertility standpoint, animals separate crops roughly 
into manure and bone, and if we return the bone with the manure, 
we thus return practically all of the fertility removed by the crop, 
except a part of the nitrogen, which it is not necessary to return 
directly, because the legumes are able to secure it from the air. 

Basic slag phosphate, a by-product in the manufacture of steel 
from pig iron containing considerable quantities of phosphorus, 
has been used as a phosphorus fertilizer since 1882. 

Recent investigations* by Director Hall of Rothamsted have con- 
vinced him that the typical phosphorus compound in basic slag 
is a double phosphate and silicate of calcium of the composition 
C%3(CaO) (P04)2CaSi08, but the more common teaching has been 
that a tetracalcium phosphate, Ca3(CaO) (P04)2> exists in the slag. 
In any case the slag contains very considerable proportions of 
lime, which undoubtedly greatly assists in the disintegration 
of the product after being incorporated with the soil, thus bringing 
the phosphate into an extremely finely divided state. The presence 
of lime in the slag is of itself of some benefit on certain soils, al- 
though aS a source of lime it is, of course, very expensive and' very 
insignificant, compared to ground limestone. 

The Use of slag phosphate is quite likely to give disappointing 
results for the first year or two, resembling natural bone in this 
regard; but like bone, also, it gives very satisfactory results with 
continued usi,* and no prejudice has developed regarding its use 
on account of any supposed injury to the soil. 

Herbert Ingle, in his “Manual of Agricultural Chemistry,” 
makes the following significant statements (page 162) : 

“Many attempts to improve basic slag as a manure have been made, some 
directed to the removal of the iron, others the sulfur, while others have attempted 

’ This statement is based upon the information given by Director Hall in cmi- 
nectioQ with his course of lectures before the Graduate Sclwl of Agrfculture of 
Association of American Agricultural Colleges and Experiment Stations, held M 
Corneli University, July, 1908. His final conclusions shouM not be aaiumed to 
advajjee puUication ty him. 
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to raider the phosphorus ‘ more soluble, by treatment with sulfuric acid. Prac- 
tically all these attempts have been abandoned, and the only process through 
which the slag is passed is that of grinding. This must be thoroughly done 
for it is found that the availability of the phosphorus depends very largely upon 
the fineness of subdivision. A sample should contain at least 8o or 90 per cent 
of powder which passes through a sieve of 100 meshes to the linear inch, ie. 
10,000 to the square inch. Thomas phosphate has given excellent results, 
especially in soil somewhat deficient in lime and rich in organic matter.^’ 

The total quantity of basic slag phosphate now used in Europe 
as a phosphorus fertilizer amounts to several million tons a year. 

Ground natural rock phosphate has not been put to direct use 
as a fertilizer to any large extent, but the subject merits and re- 
ceives a thorough consideration in the following pages. Numerous 
trials both in Europe and America extending over only one or 
two years, without addition of organic matter, and in direct corn' 
parison with acid phosphate or bone meal containing an amount 
of phosphorus equal to the total amount in the raw phosphate 
used, have not, as a rule, given satisfactory results, and in conse- 
quence the direct use of this material has been discouraged by 
some investigators, and the Association of German Agricultural 
Experiment Stations has even passed formal resolutions discourag- 
ing the general use of nonacidulated rock phosphate {Landwirt- 
schaftlichen Versuchs-Stationen, dy, 329). 

The mineral phosphates differ from bone, in that they lack the 
organic matter in porous structure; and they differ from slag in 
that they are not mixed or combined with caustic lime capable of 
slacking and disintegrating into extremely small particles. The 
fact is, however, that wherever fine-ground natural rock phosphate 
has been used liberally; that is, somewhat in proportion to equiva- 
lent values in comparison with acid phosphate, and in connection 
with decaying matter, it has given satisfactory results, even during 
the first rotation, and, with continued use, it proves to be the most 
economical and profitable form of phosphorus to use in the adop- 
tion of Systems of permanent agriculture. 

In the study of this extremely important question it is well to 
keep in mind some broad fundamental facts. Thus, the phos- 

* Substituted for “phosphoric acid,” both here and in several other quotations 
different writers. — G, H. 
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phorus contained in the soil is not in the form of acid phosphate; 
but largely, at least, in the form of pulverized or disintegrated 
rock; and yet it is the common experience that this phosphorus 
can be made available by large use of clover and other green ma- 
nures. It is an interesting and absolute fact, too, that phosphatic 
marls, containing phosphorus in the ordinary insoluble mineral 
form, have been much used for centuries for direct application 
to the land. It is recorded by writers that, when the Romans 
first invaded Britain, “ the natives were found using phosphatic 
marls to obtain better crops.” 

The United States Bureau of Soils states that millions of tons of 
the greensand marl of New Jersey have been used “ as a natural 
Jertilizer”; and, according to the Bureau’s analysis of a specimen 
“ collected as a sample to show the amount of plant food in ma- 
terial actually used as a fertilizer,” this marl contains less than 
I per cent (18 pounds per ton) of acid-soluble potassium, and but 
little more calcium and magnesium than could be combined in 
the phosphates present. Evidently, the fertilizing value of the 
marl is due very largely to its phosphorus content, which amounts 
to 28.6 pounds per ton. In comparison it may be noted that one 
ton of the most common corn-belt soil contains about 1.2 pounds 
of phosphorus, 8 pounds of acid-soluble potassium, and 35 pounds 
of total potassium; and that 200 pounds (the average application) 
of the most common “ complete ” commercial fertilizer contain 
about ^ pounds of total phosphorus and 3^ pounds of potassium. 

An analysis by the Bureau of Soils of the greensand marl of 
Prince George County, Maryland, shows about J pound of phos- 
phorus and 42.6 pounds of acid-soluble potassium, in one ton. 
The following statements are quoted from the Report of the Bureau 
of Soils for 1901, pages 186-187: 

“ It is probable that the New Jersey greensand marls would, on the average, 
have a phosphorus content fifty times as great as the corresponding marls from 
Maryland. 

“In the Prince George area this greensand marl, which occurs along the 
numerous stream cuttings and natural cliffs, has only been used to a slight 
extent as a source of fertilizer. . . • In other areas, b^h in the United States 
and foreign countries, the greensand marl has long bwn utilized as an ioex- 
penmve though effective medium for restoring impoverished soils. ” 
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" There are several points especially favorable to the use of natural 
rock phosphate where proper conditions can be provided: 

The first is the fact that phosphorus in fine-ground raw phos- 
phate can he obtained, delivered to the heart of the com, belt, for 
about 3 cents a pound, or for $7.50 for a ton of phosphate contain- 
ing 250 pounds of phosphorus, or perhaps $9.00 for a ton contain- 
ing 300 pounds of phosphorus; while phosphorus will cost about 
10 cents a pound in steamed bone meal, 12 cents a pound m acid 
phosphate, and about 30 cents a pound in ordinary so-called com- 
plete fertilizers. In the adoption of systems of permanent agri- 
culture, one can easily afford to apply to the soil, in natural phos- 
phate, larger quantities of phosphorus than are removed in the 
largest crops, and thus provide a truly permanent system with 
respect to phosphorus. ^ ^ 

The second point is that lower grades of phosphate can be used 
for direct application to the soil than can be utilized in the manu- 
facture of acid phosphate. For acid-phosphate manufacture the 
raw material must be not only high in phosphorus, but it must be 
low in certain forms of impurities, such as iron and aluminum 
compounds, which, if present, require much larger use of sulfuric 
acid and also make an unsatisfactory product; but phosphates of 
moderate phosphorus content and even with considerable iron and 
aluminum present, which have hitherto been left on the dump piles 
as worthless, are now being used for direct application to the land 
in connection with liberal amounts of farm manure or clOver or 
other forms of decaying organic matter. Other low-grade phos- 
phates are being mined and ground for direct use. If 12 ^ per 
cent phosphate (62J per cent tricalcium phosphate) is worth $7.50 
per ton, then 10 per cent phosphate (50 per cent pure) is worth 
$6.00 a ton; and even 8 per cent phosphate (160 pounds of phos- 
phorus per ton) is worth I4.80 a ton, which would allow $2.00 a 
ton for the fine-ground phosphate on board cars in bulk at the mine, 
and $2.80 for freight, the average rate from theTennessee phosphate 
district fp southern Illinois points. The possibility of using these 
low-grade phosphates, of which there are immense deposits, is of 
enormous importance in the genera^ adoption of permanent sys- 
tems oFsoil improvSnent. ^ _ • 

. 4if;thinl point in faypr of raw phosphate, in common wifih toe 
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and slag, is that it is free from acidity and has no tendency to injure 
the soil. This is a minor advantage, because, if acidity develops 
from the continued use of acid phosphate (and it does), it can be 
corrected at small expense by the addition of any form of lime. 

Another point, previously mentioned, of fundamental signifi- 
cance is the simple fact that a form of phosphorus originally 
present in all natural soil material is. finely divided natural rock 
phosphate, and through all agricultural history the principal 
source of phosphorus in plant growth has been this same natural 
phosphate. On most normal soils one of the chief benefits of farm 
manure and green manures is undoubtedly due to their power to 
liberate phosphorus from these insoluble natural phosphates of 
the original soil. 

In considering culture experiments, whether field cultures c* 
pot cultures, three points should be kept in mind: 

(1) What are the limiting factors of plant growth under the 
conditions of the experiment? 

(2) Does the applied fertilizer increase the crop yield by direct 
or indirect action? 

(3) In case of insoluble fertilizers, are the conditions such that 
the plant food applied will be made available to the crop? 

Thus, an experiment to determine the comparative agricultural 
value of different forms of phosphorus cannot be expected to fur- 
nish satisfactory evidence if conducted on a soil in which nitrogen 
is the«element that limits the crop yield; or, even though phos- 
phorus is the first limiting element, the results cannot be conclu- 
sive if the nitrogen limit is but little higher. For example, if the 
conditions are such that the soil will furnish phosphorus for onl) 
40 bushels of com per acre, and sufficient nitrogen for only 45 bush 
els per acre, the yield cannot be increased above 45 bushels by the 
addition of phosphorus alone, no matter what form is applied o: 
how much becomes available. In other words, one phosphate 
fertilizer might supply phosphoms for only 5 bushek, and anothe; 
sufficient for 25 bushels, increase, but the results of the cultun 
experiment would show no such difference, because beyond th 
45 bushels the yield* is limited by a second entirely different factor 

The second point is important with every form of experimenl 
Thus, a student repOTted having found silver ja an unknown solti 
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tion because the addition of hydrochloric acid produced a white 
precipitate. The Professor asked: “How do you know that this 
precipitate is not due to lead or mercury? ” and the student replied, 

“ Because I was not testing for lead or mercury at all.” 

Similarly one may apply wood ashes to ascertain if the soil is 
deficient in potassium, or he may Turn under a spring growth of 
clover to ascertain if the soil needs more nitrogen, and from the 
increased yield he may think both of these elements are deficient; 
but in the one case the increase may be due, not to the potassium 
as plant food, but to the basic or alkaline properties of the lime 
and other carbonates in correcting soil acidity, and in the other 
case not to the nitrogen supplied, but to the liberation of phos- 
phorus from the meager supply in the soil by the action of decaying 
•rganic matter. 

It is never safe to assume that the action of soluble fertilizers, 
such as sodium nitrate, acid phosphate, kainit, or other potassium 
salts, is due entirely to the respective plant-food elements for which 
those materials are valued, especially when heavy applications 
are made, as must be done with sodium nitrate and kainit if suffi- 
cient nitrogen and potassium are thus provided to meet the needs 
of good crops, more than 900 pounds of sodium nitrate and 700 
pounds of kainit being required for a hundred-bushel crop of com. 

About 400 pounds of acid phosphate would be required for such 
a crop, and this would contain more manufactured land plaster 
(calcium sulfate) than monocalcium phosphate, as will be seen by 
computation from the reaction expressed by the equation: 

Ca8(P04)2 "h 2H2SO4 = CaH4(P04)2 T 2CaS04. 

Dried blood and steamed bone meal are among the most trust- 
worthy materials for culture experiments to determine if the soil 
is in need of nitrogen or phosphorus, and potassium sulfate is 
probably the least objectionable form of potassium, although solu- 
tions of such soluble salts have some power to liberate phosphorus 
contained in, or applied to, the soil, and by this indirect action to 
bring about more or less increase in crop yields not due to potas- 
sium as plant food. Steamed bone meal contains a small amount 
of organic nitrogen, but even if it were all made available, the 
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amount in 200 pounds would be sufficient to increase the yield of 
com by one bushel, while such an application would contain more 
phosphorus than a hundred-bushel crop of corn. 

In Tables 37, 38, and 39 are recorded in detail the results of 
the world’s most important and complete investigation thus far 
reported concerning the use and comparative value of raw rock 
phosphate. These experiments were begun by the Ohio Agricul- 
tural Experiment Station in 1897, and through the kindness of 
Director Thome the author is able to include twelve years’ data in 
these tables. 

In these experiments a three-year rotation of com, wheat, and 
clover has been fallowed on three separate tracts of land, so that 
every crop may be represented every year. One plot in’each series 
receives 8. tons per acre of manure “taken from the open barn- 
yard, where it has been accumulating during the winter,” and 
applied to the clover sod in the spring, to be plowed under for com. 
Another plot receives at the correct time 8 tons per acre of manure 
“ taken from box stalls, where it has accumulated under the feet 
of animals kept continuously in the stalls.” 

Two other plots in each series receive the same kind and quantity 
of manure with each ton of which 40 pounds of fine-ground raw 
rock phosphate have been mixed, and two other plots receive ma- 
nure with each ton of which 40 pounds of acid phosphate have 
been mixed. 

Eve?y third plot in each tract or series receives no manure or 
other fertilizer. 

In the tables are reported the yields of com, wheat, and clover, 
the experiment having been started in 1897 on section A, and in 
1898 on sections B and C. Clover failed the first three years, and 
in its place soy beans were grown, and they were plowed under. 
The hay crop harvested in 1907 was soy beans, grown because of 
clover failure. 

Chemical analysis and the results of other field experiments 
show that the Wooster soil is most deficient in phosphorus, with 
nitrogen as the second limiting element. 

In considering the data given in Tables 37, 38, and 39, it should 
be kept in mind that each table gives results that are complete 
and entirdy independent. Thus, by usingj^ee different tracts 
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of land, the experiment was conducted in triplicate; and even 
each of the triplicate tests was in a sense duplicated in that a double 
comparison is made between the two forms of phosphorus, the test 
with yard manure being entirely independent of the test with suill 
manure. 

For convenience the average yield of each crop is given by plots 
for each scries of plots separately. Thus, as an average of four com 
crops in Series A, plot 15 with yard manure alone produced 41.;; 
bushels, and plot 2 with yard manure and raw phosphate produced 

54.9 bushels, showing by direct comparison a gain of 13.5 bushels 
due to the raw phosphate. Further comparison shows average 
gains of 2.1 bushels of wheat and .58 ton of clover hay by raw 
phosphate and yard manure above the yields made where un- 
treated manure was used. 

A similar comparison shows average gains of 5 bushels of corn, 

3.9 bushels of wheat, and .37 ton of hay by raw phosphate and stall 
manure above the yields where stall manure alone was used. 
Acid phosphate also produced marked gains, the average gross 
increase being somewhat greater than with the raw phosphate, 
but the net profit being slightly less on Scries A. 

Attention is called to the fact that 8 tons of manure per acre 
have been applied every three years to all manured plots. This 
does not do full justice to the phosphate plots, because these plots 
have yielded as an average about one fourth more produce than 
the plots receiving manure alone, and from this increased produce 
about one fourth more manure can be made in regular farm prac- 
tice. Consequently, after the first rotation, the applications of 
manure should be larger on the phosphate plots in proportion to 
the produce of the previous rotation; whereas, to apply equal 
amounts of manure to plot 15 and plot 2, for example, means 
essentially that some of the produce from plot 2 is used to make 
part of the manure that is applied to pbt 15. 

In the above comparison to determine the effect of the phos- 
phorus used, the yields with manure alone are subtracted dirccti} 
from the yields with manure and phosphorus. As an average oi 
many tests, this direct method of comparison is perhaps as good as 
any indirect method, but where a small number of tests on only a 
few fields are to be considered, probably an indirect method of 
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comparison, will, as a rule, give more trustworthy results. Thus, 
we may subtract the average yields of the adjoining untreated 
plots, 14 and 17, from the yields of the manured plots, 15 and 16, 
to determine the increase produced by manure alone. Then ve 
may subtract the yield either of plot 4 or the average yield of the 
three untreated plots, i, 4, and 7, from the yields of the plots 
which receive both manure anti phosphorus, to determine the in- 
crease produced by manure and phosphorus combined, subtract- 
ing from these figures the increases for manure alone, to determine 
the effect of phosphorus. Still another method would be to average 
all of the untreated plots whose results are in satisfactory agree- 
ment, and discard the results of those that differ so widely as to 
be clearly abnormal. By this method probably the results from 
plots Ai, B7, and Ci would be discarded. 

By any of these methods of comparison, direct or indirect, it 
will be found that, as a general average of all tests on all series, the 
raw phosphate has. produced practically the same gross incrcc.se 
as the acid phosphate, although the acid phosphate applied cost 
twice as much as the raw phosphate. 

Yet another indirect method of comparison can be made and 
this one is preferred by the Ohio Experiment Station. This methofl 
assumes that naturally the land varies somewhat uniformly from 
one untreated plot to the next untreated plot, so that plot 15, for 
example, if it had remained unmanured, would have produced a 
yield equal to the sum of two thirds of the yield of plot 14 pi as 
one third of the yield of plot 17, and that ^gis computed yield for 
plot 15 (untreated), subtracted from the actual yield of plot 15. 
gives the increase produced by the manure. The effect of the ma- 
nure and phosphate is computed in the same maftner, and tlie 
difference gives the effect of the phosphorus. 

This method would be correct if the assumption upon which it is 
based were correct; but considering that the change in the direc- 
tion of such a curve is just as likely to occur on any other plot as 
on the plots that happen to be numbered i, 3, 4, 7, etc., its appli- 
cation may be of questionable value. However, in Tables Sr 
38, and 39, the actual yields are reported for the twelve years, 
and from these any one can make his own deductions. 

The total value of the three crops, based upon the average yields, 
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is "iven for each series, counting 35 cents a bushel for corn, 70 
cents for wheat, and $6.00 a ton for hay. These prices ^ are based 
iiI)on the ten-year average farm price for Illinois as reported by the 
United States Department of Agriculture for the years 1899 
i()o8, for which the reported averages are 40.1 cents a bushel for 
corn, 76.5 cents for wheat, and $9.32 a ton for marketable hay. 
The differences between these averages and the prices used in the 
tables will probably cover the cost of husking corn and threshing 
\\ heat, stacking and baling the hay, and marketing the increase. 
7’he value of the increase in corn stover and wheat straw may per- 
haj)s cover the extra cost of handling (binding twine, etc.) and 
occasional losses for poor quality of grain and hay. The prices 
used are intended to be sufficiently conservative to guard against 
financial exaggeration. Other prices should be used to suit local 
conditions. 

The special purpose of reducing all results to the basis of value 
is to make possible a more simple comparison. From these total 
\ allies of the three crops by plots, the gain for treatment is computed 
by the Ohio method, except that in Series C the results from plot i 
arc discarded ^ as being plainly abnormal and untrustworthy. 
A comparison of the value of crops grown on plots A2,-.A3, and A5, 
on plots B2, B3, and B5, and on plots C2, C3, and C5, plainly 
indicates that plot C2 is normal; and the effect of manure and 
pliosphorus on plots C2 and C3 is determined by subtracting the 
average results of plots C4 and C7. 

It will be noted that the cost of raw phosphate is reckoned at 
^7-50 per ton and the cost of acid phosphate at $15 per ton, or 
^1.20 for 320 pounds of raw phosphate and $2.40 for 320 pounds 
'>f acid phosjffiatc, applied with the 8 tons of manure every three 
years. 

Three important facts are clearly established by these data: 
U the value of manure, (2) the superiority of stall manure over 

■ Elsewhere the author uses 30 cents a bushel for oats, the lo-year average price 
Illinois being 32.2 cents; 40 cents-a bushel for barley, 44,7 cents being the 
'- year average price for Minnesota and Wisconsin, leading barley states; and 50 
•‘IS a bushel for potatoes, the New York lo-year average farm price being 57.6 

* A personal communication from Director Thorne states that this plot occupies 
a depression, running lengthwise of the plot, with higher land on each side, Evi- 
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yard manure, and (3) the value of phosphorus when applied in 
connection with manure. The first two will be further discussed 
under the subject of farm manure. 

As an average of the results from the three series of plots, the 
value of the increase from 320 pounds of raw phosphate was $10. 19 
with yard manure and $10.23 with stall manure; and the value of 
the increase from 320 pounds of acid phosphate was $11.77 with 
yard manure and $12.01 with stall manure, the value of the ma- 
nure alone having been deducted in all cases. If we subtract from 
these gross gains the cost of the phosphorus, we have average net 
profits of $9.01 for raw phosphate and $9.49 for acid phosphate; 
or, on the basis of money invested, we have net profits of 751 per 
cent from raw phosphate and 395 per cent from acid phosphate. 

With double the investment the profit per acre is slightly greater 
from acid phosphate; but, on the basis of money invested, the profit 
from raw phosphate is almost double that from acid phosphate. 

dently more or less surface wash has accumulated in this depression in times past. 
(See the accompanying contour map of this Ohio field.) 


NORTH 



Topogr.\phy of L.-vnc: Ohio Experiment Field 
One-foot contour lines; highest land at south end of section C. 
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The student or landowner must draw his own conclusions as to 
wliich is the better basis upon which to compute the profit. It 
>h()uld be kept in mind that 320 pounds of raw phosphate contains 
40 ])Ounds of phosphorus, while 320 pounds of acid phosphate con- 
tains about 20 pounds of that element, so that the raw phosphate 
is enriching the soil in phosphorus twice as much as the acid phos- 
j»hatc, while the removal in crops is practically equal. 

An examination of the values of the three crops by plots suggests 
that the use of the data from plot Ai (S25.02) is unfavorable to 
the raw phosphate on that series, because of the lower uniform 
values from plot A4 ($20.61) and plot Ay ($20.03). l^he other 
hand, the use of the data from plot By is favorable to the acid 
j)]K)sj)hate, by the Ohio method of comparison. 

by the method of direct comparison, by which the total values 
from plots 15 and 16 (manure alone) arc subtracted from the total 
values from plots 2 and 3 and from plots 5 and 6, respectively, it 
will be seen that the average value of the increase is $10.59 from 
320 ])ounds of raw phosphate, and S10.61 from 320 pounds of acid 
l)hos])hate, the net profit per acre being $9.39 for the raw phosjihate 
and S8.21 for the acid phosphate; or, on the basis of money in- 
vested, the net profit is y83 per cent for raw phosjihate and 342 
per cent for acid phosphate. For convenient reference, the aver- 
age actual yields and values arc summarized in the accompanying 
tabular .statement. 


Table 396. Ohio Experiments with Manure, Raw Rock Phosphate, 
A::g) Acid Phosphate 

Average of Twelve Years, with Duplicate Tests on Each Field 


Soil Treatment 

j Field A 

Field I! 

j Field C 

J Average 

Corn, Bushels 

PER Acre 



Manure alone 

i 47-2 

63.6 

53-3 

54-7 

M:inure and rock phosphate 

1 56.4 

69-5 

j 5H-2 

61.4 

Manure and acid phosphate 

1 54-6 1 

70.8 

1 62.0 

63,1 

Wheat, Bushels 

PER Acre 



Manure alone . . .■ 

20.4 

21.7 

17.2 ' 

19.8 

Manure and rock phosphate 

23-4 

304 

24.6 

26.1 

Manure and acid phosphate 

23.8 

29.4 

25.1 

26.1 
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Table 39^. Ohio Experiments with Manure, Raw Rock Phosphah , 
AND Acid Phosphate — Continued 


Soil Trkat.mknt 

Field A 

Field B 

Field C 

AvEioi.i: 

Clover Hay, Tons 

PER Acre 



Manure alone 

1.99 

D 34 

•83 

I. V) 

Manure and rock phosphate 

2.47 

1.90 

1-79 

2.05 

Manure and acid phosphate 

2.23 

1.76 

1.92 

1-97 

1 

Total Value of the Three Crops 

PER Acre 


Manure alone 

$42.69 

145-47 

S35-65 

$ 4^.27 

Manure and rock phosphate .... 

50.86 

. 56-42 

48.30 

51.86 

Manure and acid phosphate 

49.12 

55-76 

50.76 

51.88 


Cost of rock phosphate for tlic three crops $1.20 

Cost of acid phosphate for the three crops 2.40 


It is worth while to note that the first corn crop on Series C 
(Table 39) was not benefited by raw phosphate, and the first com 
crop on Scries B (Table 38) was increased only 2.7 bushels, as an 
average, by raw phosphate, while o,ther instances appear in which 
phosphorus produced no apparent benefit, as, for example, wiih 
stall manure for com in 1901 and 1906, and with either manure 
for wheat in 1907, all of which emphasizes the fact that one field 
trial with one crop for one year may ha)*e almost no value in de- 
termining the effect of additions of phosphorus to the soil. 

Director Thorne has expressed some disappointment ^ becauw' 

* Considering its source, the following statement by Director Thorne, taken 
itself, probably constitutes the strongest “evidence” that can be quoted in fa', r 
of acid phosphate and against the use of raw rock phosphate. In referring to i ' 
general averages of all results secured in these manure-phosphate experime; 
from 1897 to 1907, he says (Ohio Agricultural Experiment Station Circular 
page 23): 

“While the treatment of manure has in every case increased its effectiveness, l!'>’ 
gain per acre produced by reenforcing the manure with acid phosphate has been -0 
much greater than that from any other treatment that it has not been profitab 
to use anything else, even though the other materials had cost nothing. ” 

Of course, in this statement. Director Thorne refers not to profit on investment, 
but to profit per acre regardless of the amount invested, and he includes the dai.^ 
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the 40 pounds of phosphorus applied in raw phosphate has not pro- 
duced markedly greater benefit than the 20 pounds in acid phos- 
])hate, these applications having been repeated in connection with 
manure every three years for twelve years. This is an important 
and interesting question. It may be best considered in connection 
with the general average yields recorded in Table 40, which, it may 
be observed, includes results from the use of kainit, gypsum, and 
•' complete ” fertilizers. The amounts of kainit and gypsum used 
;ire the same as raw phosphate and acid phosphate; namely, 320 
pounds with 8 tons of manure per acre every three years. The kainit 
costs about $15 per ton and the gypsum about $6 per ton. The 
footnotes to Table 40 give further data, so that any one may make 
Ids own computations concerning the increase in yield or profit 
from every kind of treatment. 

Attention is called to the fact that plot ii is a continuation of 
])lot I, and on Scries C it is so abnormal that its inllucncc is seen 
in ihe general average of every crop. 

By computations from Tables 23 and 40 it is a simple matter 
to construct most of Table 41, in which a balance is shown for the 
elements nitrogen and phosphorus supplied and removed in these 
ex])eriments with manure and phosphates. 

The figures given in Table 40 may be considered as approxi- 
mately correct, but the amounts of nitrogen furnished by the soil 
and by the clover residues are roughly estimated. This estimate 
is based upon the assumption that the total clover tops, aside from 
the clover hay harvested, will be equivalent to one half of the regu- 
lar hay crop. These residues consist of (i) the first season’s growth, 
cltielly after the wheat harvest; (2) the fall growth the second 
;ison ; and (3) the following spring growth before jdowing for 
corn. These estimates are added toTable 40, not as well-established 
facts, but rather as suggesting methods of study that deserve 
further investigation. To one familiar with field conditions it 
>eems certain that the clover is given at least all credit due for 

t^oni plot Ci in computing the increase produced by the raw phosphate by the 
* Cno method of comparison. As a suitable topic for a debating society, the author 
'■'ingests the question: 

Shall we use acid phosphate or raw rock phosphate in systems of permanent 
^Agriculture? 
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Table 40. Crop Yields per Acre in Ohio Experiments With Manure 
Phosphates, Kainit, Gypsum, and “Complete” Fertilizers 


Average of Three Series 


Plot* 

Treatment Applied 

Corn, 

12 Years 

Wheat, 

II Years 

Hav,8 


Grain 

(Bu.) 

(Tons) 

Grain 

(Bu.) 

Straw' 

(Tons) 

(Tons) 

I 

None 

37-2 

I. II 

I2.I 

•74 

I.19 

2 

Yard manure and raw phosphate . . 

59-4 

1.66 

25.0 

I-3S 

1.90 

3 

Stall manure and raw phosphate . . 

63-3 

1.78 

26.4 

1.44 

2.19 

4 

None 

31.0 

I.OO 

10.4 

.61 

,89 

5 

Yard Manure and Acid phosphate . 

60.3 

1.64 

25-3 

1.36 

1.77 

6 

Stall manure and acid phosphate . . 

64.4 

1.74 

26.2 

1.44 

2,17 

7 

None 

30.8 

•99 

9-7 

.58 

■85 

8 

Yard manure and kainit 

546 

1.58 

21.3 

1.20 

1.49 

9 

Stall manure and kainit 

60.1 

1-75 

23-4 

i'3S 

1.94 

10 

None 

329 

1.00 

10.3 

.60 

•95 

II 

None 

36.8 

1.17 

13-1 

.81 

1.30 

12 

Yard manure and gypsum .... 

58.0 

1.68 

23-4 

1.32 

1.63 

13 

Stall manure and gypsum .... 

60.7 

1.78 

23-3 

1-31 

1.65 

14 

None 

31.6 

1.00 

9.9 

•57 

•85 

15 

Yard manure alone 

51.2 

1.44 

18.8 

1.06 

1,28 

16 

Stall manure alone 

58.2 

1.65 

20.4 

1. 14 

1.63 

17 

None 

36.6 

i-iS 

10.2 

.62 

1.00 

18 

“Complete” fertilizer^ 

“Complete” fertilizer ^ 

43-1 

1. 20 

13-4 

.78 

1.36 

19 

44-4 

1.23 

14.9 

.88 

1.43 

20 

None \ . . 

341 

I.OI 

lO.O 

.62 

1. 10 


* In the field, plots i and ii, 2 and 12, etc., lie end-to-end, plot ii being esse:;- 
tially a continuation of plot i, etc. 

^ The “complete” fertilizer applied to plot 18, every three years, contains 
pounds sodium nitrate, 80 pounds acid phosphate, and 80 pounds potassium 
chlorid. 

^ The “complete” fertilizer applied to plot 19, every three years, consists of 
pounds of slaughter-house tankage (containing 6 pounds of nitrogen and 6 pounds 
of phosphorus), 80 pounds of acid phosphate, and 10 pounds of potassium chlorid. 
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Table 41. Balance Sheet for Nitrogen and Phosphorus in Manure- 
Phosphate Experiments 


Totals for Three Years, Pounds per Acre: in Part roughly Estimated 


Plot No 

2 

3 

5 

6 

Treatment Applied 

Yard 

Manure, 

Stai.e 

Manure, 

Yard 

Staei, 

Raw 

Phos- 

phate 

Raw 

Phos- 

phate 

Aoio 

Phos- 

phate 

Acid 

Phos- 

phate 

Nitrogen removed in three crops 

211 

232 

207 

231 

Nitrogen supplied in manure 

80 

80 

80 

80 

Nitrogen difference 


152 

127 

TSi 

Nitrogen in clover hay 

76 

88 



Nitrogen from soil and clover residues ... 

5 S 

64 

56 

64 

Nitrogen from clover residues (estimated) . . 

. 3 « 

44 

36 


Nitrogen furnished by soil (estimated) ... 

17 

20 

20 ! 

20 

Pliosphorus removed in three crops .... 

.31 

34 

31 

34 

Phosphorus supplied in manure and phosphate 

64 

__ 56 _ 

i_i4_ 

_ 36 _ 

Phosphorus added in excess 

33 

22 

T3 

2 


nitrogen fixation. In other words, that the draft upon the soil 
i)y the crops grown is likely to be greater rather than less than 20 
pounds above that supplied by the manure and clover, and, in 
addition to this, there arc losses of nitrogen in drainage waters 
probably exceeding all other additions (as in rainwater, by azo-’ 
tobacter, etc.). The loss of nitrogen by drainage is no doubt 
much greater from the best-treated plots than from the untreated 
plots. 

On the whole, it seems clear that nitrogen must limit the crop 
yields on these four plots treated with manure and [ihosphate. 
^dn the other hand, in every case the phosphorus applied exceeds 
die amount removed in the crops, so that, instead of there being 
imy draft upon the soil, there is a positive increase in the phosphorus 
content of the soil above the crop requirements. This increase 
' aries from 2 and 13 pounds with acid phosphate to 22 and 33 
pounds with raw phosphate. If nitrogen is the limiting element on 
ull of these manure-phosphate plots, it is plain to see why the raw 
phosphate gives practically no larger yields than the acid phos- 
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phate, even though twice as much phosphorus is applied in the raw- 
phosphate as in the acid phosphate. If more clover were plow ed 
under or if more manure were returned, so as to remove the nitro- 
gen limit, the comparative value of the two forms of phosphorus 
could, perhaps, be more definitely determined. Such additional 
supplies of decaying organic matter would tend to make avail- 
able still larger supplies of potassium, magnesium, etc., and thus 
to avoid their becoming limiting factors. It is possible that the 
use of acid phosphate tends to prevent loss of ammonia from the 
manure during the few weeks that elapse between the mixing of 
the phosphate with manure and the application to the land. 

Two important facts arc well established by these Ohio experi- 
ments: First, that fine-ground natural rock phosphate is a material 
that can be employed with very large profit as a phosphorus 
fertilizer, when used in connection with liberal amounts of decaying 
organic matter; and, second, that, under the conditions of these 
experiments, the raw phosphate gave practically the same profit 
per acre, and twice as much profit for the money invested, as the 
acid phosphate. 

In the Ohio Farmer for August 22, 1908, Director Thorne re- 
ports some interesting and valuable results showing the effect of 
raw phosphate on clover grown in 1908 on the Strongsville Experi- 
ment Farm, located between Wooster and Cleveland, on a heavier 
type of soil of nearly level topography. The author has also been 
given the figures for the 1908 oat crop. 

Director Thorne states that lime and raw phosphate were aj)- 
plied across the plots in the five-year rotation, “ dividing the sec- 
tion of plots into 4 divisions, using one ton of lime per acre on tlic 
first, two tons of lime on the second, one ton of floats on the thii h 
and two tons of floats on the fourth, applying the lime and floats 
across all the plots, fertilized and unfertilized alike.” 

The crops grown in the five-year rotation experiments at Strongs- 
ville are corn, oats, wheat, clover, and timothy, and the fertilizers 
applied are similar to those in the older five-year rotation at Woos- 
ter as reported in Table 82, with ten additional plots in each series. 
It is understood that during the course of five years all of the series 
have received (or will receive) the treatment with lime and raw 
phosphate, as above described. 
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The data thus far reported concern only the clover and oats for 
]()oS, and they almost certainly show more marked differences than 
will appear from long-continued and more general experiments: 


Ohio Experiments with Lime and Raw Phosphate 


SvECiAL Soil Treatment Applied, Tons per Acre 

Yields, per Acre, ipoS 

Clover Hay (Lb.) 

Oats (Du.) 

(a) Average of 14 Otherwise Unfertilized Plots 

One ton of lime 

2220 

32.7 

Two tons of lime 

2670 1 

35-7 

One ton of raw phosphate 

5040 

47.8 

Two tons of raw phosphate 

5190 

55-0 

(b) Average of 26 Otherwise Fertilized Plots 


( )ne ton of lime 

3700 

43-8 

Two tons of lime 

3880 

4 S 0 

< >ne ton of raw phosphate 

5460 

52-7 

Two tons of raw phosphate 

5350 

62.2 


I'h’cn if we assume that the lime produced no increase, tlic effect 
of the raw phosphate is very marked. On the “ otherwise unfer- 
tilized” land one ton of raw phosphate per acre produced 1.41 
tons more clover and 15. i bushels more oats, the value of which, 
tit S6 per ton and 30 cents a bushel, respectively, would amount 
to Si 2.99, or enough to pay for two tons of raw phosphate at $3.50 
I-er ton where the freight rate does not exceed $3 (as in southern 
Illinois). 

The two-ton application produced markedly greater effect on the 
o:iis, but not on the clover. These results include two entirely 
^oparate series of plots, and each reported yield is the average from 
large number of plots. The data must not be considered as ex- 
ceedingly trustworthy, but we must agree with Director Thorne’s 
statement that “ it looks as though we were getting something 
'' Orth while there.” Knowing that the effect of lime where needed 
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is usually marked on both clover and oats, the “ increase ” given 
for phosphate must be regarded as quite unusual. Not more than 
one tenth of the phosphorus applied would be removed in the two 
crops. These results point toward the possibility of adopting 
profitable systems of permanent agriculture; and yet the most 
common fertilizer practice among the farmers of Ohio is to apply 
about 7 pounds of soluble phosphorus per acre, with 5 or 4 pounds 
each of nitrogen and potassium, in 200 pounds of “complete” 
fertilizer about twice during a four-year or five-year rotation. 

In the Rural New Yorker for June 5, 1909, Director Thome 
reports an average yield of 2440 pounds of clover hay with lime 
applied, and 5112 pounds where rock phosphate is used, with no 
other fertilizers; and where nitrogen or potassium had been applied, 
the yield with lime was 2606 pounds and with rock phosphate, 
5488 pounds, although where lime and a “ complete ” fertilizer, 
including nitrogen, phosphorus, and 480 pounds of acid phosphate, 
was used, the total yield of clover hay was only 4259 pounds. 
The following comment is made by Thorne: 

“This experiment thus indicates that floats (raw phosphate) may be very 
usefully employed for the combined purpose of carrying lime and phosphorus, 
the increase over the limed land being more than enough in this one crop to 
pay for one ton of floats per acre, which quantity has-seemed to Ire as effective as 
the larger quantity, although the two tons of lime have produced a larger 
yield than the one ton, though not enough larger to pay the additional cost. 
This experiment, therefore, is confirming those of the Maryland and Illinois 
stations in showing that floats may be profitably used as a carrier of phos- 
phorus on acid soils well stocked with organic matter, but the meager elfect 
produced upon cereal crops preceding clover would call for caution in de- 
pending upon floats alone. ” 

Of course, more clover means more humus and more nitrogen 
if the clover is plowed under either directly or in manure; and. 
while the cereal crops preceding clover are quite certain to be un- 
satisfactory, they are sure to be increased after plowing under the 
larger amount of clover or manure with phosphate. The data 
reported by Thorne in these experiments do not show what increase 
was produced by lime alone, all plots having been treated either 
with lime or with raw phosphate, and consequently there seems 
to be no support for the suggestion that the effect of the raw phos- 
phate is in part due to the lime which it c'arries. In fact, the ordi- 
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nary high-grade raw phosphate carries very little, if any, lime, 
about 7 per cent of calcium carbonate being the largest amount 
in any high-grade phosphate known to the author. Tricalcium 
phosjDhate is a neutral substance which has practically no power 
to correct soil acidity, except as the phosphorus is converted into 
the dicalciura or monocalcium compound and removed from the 
soil by the growing crop. 

Furthermore, the most marked benefit from the use of raw rock 
l)hosphate in Illinois is not on markedly acid soils, but on the 
most common corn-belt prairie land, as on the Urbana and Gales- 
burg experiment fields on brown silt loams, which are practically 
neutral soils valued at $150 to $200 an acre. 

I'hc Ohio investigations with raw and acid phosphates arc in a 
class by themselves. No others have been conducted anywhere 
in the world that can compare with these in agricultural value. 
Many experiments with various phosphates have been carried on 
for a single season, and some for several years, but, as a rule, no 
farm manure has been used, and no adequate provision made for a 
supply of decaying organic matter. Where nitrogen has been sup- 
plied, it has usually been in some commercial form, such as sodium 
nitrate. One exception to this is found in the Maryland experi- 
ments, which have been conducted on one field since 1895, eleven 
years’ results having been reported by Director Patterson (Mary- 
land Bulletin 114). Aside from single plots treated with different 
acid phosphates and reverted phosphates in the Crimson Clover 
Series, there is a strictly comparable triplicate test with (r) raw 
l)one meal, (2) slag phosphate, (3) no phosphate, (4) South Caro- 
lina raw rock phosphate, and (5) Florida soft rock phosj)hate 
(containing phosphates of iron and aluminum). Equal amounts 
of phosphorus were used in all tests, 65! pounds of phosphorus 
I'CT acre having been applied only at the beginning of the experi- 
HK-nt. The surface soil contained 1300 pounds of phosphorus 
m 2 million pounds of the soil. 

fhe following crops were grown: 

Com in 1895. Wheat in 1899. Corn in 1903. 

Corn in 1896. Hay in 1900. Wheat in 1904. 

Com in 1897. Hay in 1901. Hay in 1905. 

Crop failure in 1898. Com in 1902. Com in 1906. 
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In one series of tests, crimson clover was regularly seeded in the 
corn to be plowed under later as a green manure, and in another 
series rye was employed in a similar manner, the third test being 
made without special provision for organic matter. Table 42 gives 
a summary of these investigations for all forms of phosphorus 
that were used under the three different conditions: 


Table 42. Maryland Experiments with Different Forms 
OF Phosphorus 

Twelve Years’ Work : Yields per Acre : Average of Three Plots 


Plot Nos. 

Phosphorus Applied 

Six Corn 
Crops, Av. 

Two Wheat 
Crops, Av. 

Three 

Hay 

Crops, 

Av. 

(Tonsj 

Total 

Avf.r- 

AOE 

Viiai) 

(Tons) 

Grain 

(Bu.) 

Stover 

(Tons) 

Grain 

(Bu.) 

Stover 

(Tons) 

8, 13, 18 

Raw bone meal . . . 

39-6 

r.25 

23.6 

1.22 

1.85 

6.41 

9, 14, 19 

Slag phosphate . . . 

39- i 

1.22 

22.6 

1.24 

1-95 

6,46 

10, 15, 20 

No phosphorus . . . 

40.0 

I.I7 

12. 1 

•73 

1.44 


II, 16, 21 

S. C. rock phosphate . 

39-7 

I.2S 

20.1 

1.07 1 

^•95 

6,26 

12, 17, 22 

Florida soft rock . . . 

42.5 

1.27 

19.9 ; 

•94 

1.89 

6.19 


Here are represented thirty-three separate tests (three plots for 
eleven years) for each form of phosphorus. As an average, the raw 
rock has given nearly the same results as the bone and slag. The 
average increase in yield is very marked with wheat, less marked 
with hay, and practically no effect is seen with corn. The value 
of the total increase in twelve years is about ten times the cost of 
the raw rock phosphate, at Illinois prices, and still more at Mary- 
land prices, for farm produce. In commenting upon his experi- 
ments, Director Patterson says: 

“The results obtained with the insoluble phosphates has cost usually ks’ 
than one half as much as that with the soluble phosphates. 

“The results show decidedly that plants are able to utilize insoluble rock 
phosphates. 

“The use of an abundance of organic matter in the soil when insolub’e 
phosphates are applied was evidently a necessity for their best effects. 

“Soluble phosphates produced the best yield of wheat. 

“Florida soft phosphate produced the best yield of corn. 

“Reverted phosphates produced the best yield of hay. 
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“Insoluble South Carolina phosphate rock produced a higher total average 
vkld than dissolved South Carolina rock. 

“Florida soft phosphate is chiefly an aluminum-iron phosphate which 
m curs in large quantities deposited in many parts of that state. It is not well 
;ida])tcd to treatment with acid for making soluble phosphates, as the aluminum 
ami iron make a sticky mass which is hard to dry and keep in a good mechan- 
ical condition. The Florida soft rock has been largely used as a fertilizer in its 
natural condition in some parts of that state on the light, sandy land, giving 
g nd results. When used in this way, there has been applied at the same 
lime heavy dressings of the native mucks from the swamps and lakes. This 
muck furnishes nitrogen as welt as the much-needed organic matter. In order 
til have a complete fertilizer, there is also applied some German potash ' salt. ” 


'Fhe Pennsylvania Experiment Station has reported the results 
of an experiment extending over twelve years (1884 to 1895), In 
which four different kinds of phosphorus were used in a four-year 
rotation of corn, oats, wheat, and hay (clover and timothy). Only 
one field was employed, so that each crop was grown only three 
times during the twelve years. 

The four forms of phosphorus were (i) acid phosphate made from 
hone black, (2) ‘‘ reverted ” phosphate made by mixing equal 
^veights of dissolved bone black and quicklime twelve hours before 
application, (3) fine-ground bone meal (containing 8 jiounds of 
nitrogen and 35 pounds of phosphorus in 300 pounds of bone), 
and South Carolina ground raw rock phosphate. The amounts 
ai)l)licd per acre in each four years were 28 pounds of soluble and 
“ re\’ertcd ” phosphorus, and 35 pounds in bone and raw rock. 

Xo special provision was made for supplying decaying organic 
matter, but 94 pounds of nitrogen (102 pounds on the bone-meal 
l'h)ts) and 83 pounds of potassium (in potassium chlorid) were 
‘Tplied per acre, each four years, to all phosphorus plots and also 
‘0 two comparison plots that received no jihosphorus. In addition, 
there were two plots that received no application of plant food. 

1 he entire experiment was carried on in duplicate. One half of 
tlu fertilizer for the rotation was applied to the corn crop and the 

ner half to the wheat crop. 

Table 43a gives the average yields of all products harvested dur- 


' ^lost peat soils and some sands are extremely deficient in potassium, and it 
‘ ^0 difficult to liberate potassium that may exist locked up in coarse sand grains. 
' C. G. H. 
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ing the entire twelve years, and Table 436 gives the average re- 
sults for the last four years. 

Table 43. Pennsylvania Experiments with Different Forms of Phos 
PHORus: Yields per Acre: Average of Duplicate Plots 


(a) Average of Twelve Years’ Work 


Plot 

Nos. 

Plant Food Applied 

Corn, 

3-Yeak 

Average 

Oats, 

3-Year 

Average 

Wheat, 

3-Year 

Average 


Grain 

(Bu.) 

Straw 

(T.) 

Grain 

(Bu.) 

Straw 

(T.) 

Grain 

(Bu.) 

^T.) 

A &G 

NK and dissolved bone black 

48.9 

•97 

43^8 

.67 

28.2 

^•Si 

I.S8 

B &H 

NK and “reverted” bone black 

49.6 

•97 

47.1 

.66 

29.9 

1.60 

1.65 

C &I 

NK and bone meal .... 

52.0 

1.04 

49.4 

.80 

31.6 

1.67 

1.68 

D & J 

NK and raw rock phosphate . 

47.6 

•95 

48.2 

•78 

31.6 

1.67 

1.57 

E &K 

Nitrogen and potassium only . 

40.7 

•83 

45-5 

.61 

30.6 

1.40 

1,25 

F &L 

None 

33 -V 

•51 

38.8 

•55 

22.5 

.98 

1,02 


(b) Average of Last Four Years 


A & G 

NK and dissolved bone black 

49-3 

.98 

33-6 

.89 

22.7 

1. 61 

2,0^ 

B & H 

NK and “reverted” bone black 

54.3 

I.O^ 

38-3 

•87 

25-4 

I. 5 I 

2.36 

C &I 

NK and bone meal .... 

55-0 

1.08 

39-1 

1. 00 

25-9 

1-75 

2.40 

D &J 

NK and raw rock phosphate . 

50.0 

•95 

39.2 

.91 

26.3 

1.69 

2,13 

E &K 

Nitrogen and potassium only . 

41.4 

•83 

30.8 

•59 

23-9 

1. 21 

I •93 

F & L 

None 

32-9 

•47 

22.2 

.69 

21.4 

1.03 

1-45 


By computation it will be found that the cost of the nitrogen 
and the potassium for four years was $24.06 per acre ($25.26 on tlic 
bone-meal plots); while the phosphorus for four years cost $3.36 
in soluble or reverted form, $3.50 in bone ($4.70 including the cost 
of nitrogen), and $1.05 in the raw rock phosphate, at the prices 
mentioned in Table 24. 

At safe prices for increase in produce based upon lo-year aver- 
ages for the corn belt : corn 35 cents a bushel, oats 30 cents, wheat 
70 cents, and hay $6 (about $3 per ton being allowed for 
stacking, baling, marketing, and loss), the value of the increase 
produced in four years by $24 worth of nitrogen and potassium i? 
$11.72 per acre as an average of the twelve years, and $10.19 
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acre for the last four years; while the value of the increase pro- 
duced by $1.05 worth of raw phosphate (above the increase pro- 
duced by the nitrogen and potassium) was $5.85 per acre as an 
average of the twelve years, and $8.41 for the last four years. 

As an average of all crops, the raw phosphate produced larger 
yields than the acid phosphate (dissolved bone black) and prac- 
tically the same yields as the reverted phosphate (including lime); 
but the bone-meal plots gave slightly larger average yields, the 
increase from $4.70 worth of bone meal being $8.41 per acre for 
four years as an average of the entire period, and $11.47 per acre 
for the last four years, above the increase produced by nitrogen 
and potassium alone. 

When used in addition to nitrogen and potassium, $1.05 worth of 
r;i\v phosphate produced net profits amounting to $4.80 per acre 
e\x‘ry four years as an average of the twelve years, and $7.36 for 
the last four years; while the corresponding net profits from $4.70 
worth of bone meal were $3.71 for the twelve years’ average and 
So. 7 7 for the last four years. Thus, the greatest total net profits 
were from the raw phosphate. On the basis of money invested in 
phosphorus, the net profits from raw phosphate were 457 and 700 
l)er cent, and from bone meal they were 79 and 144 per cent, rc- 
s})ectively. 

In no case was the net profit from the use of phosphorus sulTicient 
to cover the net loss from the use of nitrogen and potassium, so 
that the total result was a net loss in all cases. It must be kept in 
mind, too, that the effects produced by phosphorus when used in 
fiddition to nitrogen and potassium (over and above those produced 
hy nitrogen and potassium alone) are usually greater than the 
cU'ects produced by phosphorus when used alone, as is fully shown 
other experiments hereinafter discussed. 

On the other hand, these Pennsylvania investigations clearly 
indicate that if the nitrogen were secured from the inexhaustible 
supply in the air and turned under in the form of farm manure, 
1^‘gume crops, or other residues, and if the potassium can be liber- 
‘ited from the practically inexhaustible supply in the soil by the 
occay of this same organic matter, then the use of phosphorus 
vould not only be profitable in itself, but the total result of the 
system should yield large net profits. 
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The soil of the farm of the Pennsylvania State College is a resid- 
ual clay loam from the disintegration, weathering, and leaching of 
impure limestone. The soil contains 85 to 90 per cent of fine earth 
and 10 to 15 per cent of small stones, quartz, silicates, etc. In 
2 million pounds of the fine earth of this surface soil there are 1090 
pounds of acid-soluble phosphorus and 50,700 pounds of total 
potassium, an amount equivalent to $3000 worth of commercial 
potassium salts. 

The following comments concerning these experiments are made 
by the Pennsylvania Station (Annual Report for 1895, page 210), 
on the' basis of prices prevailing at that time: 

“The yearly average for the twelve years gives us a gain per year of $2.83 
from insoluble phosphorus ^ (ground bone), $2.45 from insoluble phosphorus 
(South Carolina rock), $1.61 from reverted phosphorus, and 48 cents from 
soluble phosphorus, thus giving us considerably better results from the two 
forms of insoluble phosphorus than from the reverted or soluble forms, thus 
indicating that the insoluble phosphorus is of more value as a manure than is 
often supjoosed, and that it is worthy of more attention than has been given to 
it in the past.” 

In 1894, the Rhode Island Experiment Station began an inves- 
tigation to ascertain the relative value of eight different forms of 
phosphorus, and a ninth form (double superphosphate) was intro- 
duced in 1895. The experiment included the common raw rock 
phosphate (containing tricalcium pho^hate), raw and roasted 
aluminum phosphate (containing also some iron phosphate), 
basic slag phosphate, steamed bone meal, and three acid phos- 
phates (one made from raw rock, one from bone meal, and one 
from bone black), besides the double superphosphate. The fol- 
lowing statements from Rhode Island Bulletin 114 give further 
information: 

“According to the original plan of Ex-Director Flagg, like money values of 
phosphate were to be compared, and the applications were made for several 
years upon that basis. Owing, however, to the widely varying market prices 
from year to year, it was decided in 1898 to change the plan of the experiment 
so as to make it a comparison of like amounts of phosphorus.^ 

' Substituted for “ phosphoric acid” here and elsewhere. 

^ Substituted for “phosphoric acid ” here and elsewhere, with equivalent amounts. 
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“The crops of 1894 and 1895 were Indian corn and oats, respectively. 
Ill the autumn of 1895 the land was replowed and seeded to clover and grass, 
as follows: 

Seed per Acre 


Timothy 12 quarts 

Red top 6 pounds 

Medium red clover . . 12 pounds 


“Owing chiefly to the dryness of the soil, a stand of clover was not secured, 
and medium red clover was sown again, the next April, at the same rate, 

“On account of the fact that some of the phosphates contained soluble 
jdiosphorus while others were pratically insoluble in water, all of the more 
iiiMtluble phosphates were sown broadcast after plowung, and were then thor- 
oughly harrowed into the soil before seeding. These ap])lications were made 
sufiiciently large to cover the crop requirements for three years that the land 
was expected to be left in grass. It was planned to divide the application of 
soluble phosphates into three parts, one third to be applied annually as a top 
dressing, in the spring, together with the nitrogenous and potassic manures 
which have been applied annually at like rates to all of the plots in both series. 
( twing to the change in the plan of the experiment in 1898, the land was left for 
an additional year in grass. In the spring of 1899 such quantities of phosphates 
\vi re applied as were supposed, based upon their composition, to equalize 
the amount of phosphorus upon all the plots. It was discovered, however, in 
1002, that the assistant to whom the calculations were intrusted in 1899 omitted 
to lake into account the applications of the insoluble phosphates which had 
Ix vii made in the autumn of 1896, and owing to this oversight the complete 
opialization of the phosphorus was not finally accomplished until the spring 
"t 1902- The total amount of phosphorus which was applied per plot (two 
iiiifcnths acre) to all excepting the two check plots, from 1894 to 1902 inclu- 
^'ivc, amounted to 43 pounds, or to 322^ pounds per acre. ” 

Thus, from 1894 to 1898, the experiments are a comparison of 
t 'jual money values of different phosphates ; from 1899 to 1901 the 
common raw phosphate plots contained about one third more 
;ir>|)lied phosphorus than the soluble phosphorus plots, about one 
hlih more than the bone-meal and slag plots, and slightly more 
l oan the aluminum phosphate plots. 

The entire experiment was carried on over two series of plots, 
‘’oc series having been given one ton of burned lime per acre in 
^ -'M, while the other series remained unlimed. 

1^^ 1901, fourteen different kinds of plants were grown, from 3 to 
^ cows of each having been planted across all of the plots in both 
- cies. In Tables 44 and 45 arc given the number of pounds har- 
' csted of the different kinds of produce. 




CabVjage (trimmed heads) . . • • 
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Red table beets 
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A study of Table 44 shows a decrease in ear corn and a small 
increase in corn stover from the use of raw calcium phosphate the 
first year, and some increase in both oats and oat straw the second 
year. During the next four years this raw rock phosphate produced 
a larger average increase in the yield of hay than any other form of 
phosphorus applied, except steamed bone meal. This suggests 
that the longer growing biennial and perennial plants, such as clover 
and timothy, may be better able to utilize the raw phosphate than 
the short-lived annuals. 

It is important to keep in mind also that these four years con- 
stitute a considerable part of the entire time of the experiment, 
and that it was only during these four years that the investigations 
have the greatest practical significance, because the first two years 
would be required to get the phosphates thoroughly incorporated 
with the soil and get well under way the action of the various 
agencies that help to make the raw phosphates available, and it 
was only during the first six years that equal money values of the 
different phosphates were used. As stated by the Rhode Island 
Station, “ Deh^rain and other French writers recommend that, 
upon acid soils, such untreated phosphates should be applied 
several months or a year before liming is resorted to, so as to secure 
as great a decomposing action upon them by the soil as possible.” 

In 1900, the three largest yields of car corn were produced by 
steamed bone meal, raw calcium phosphate, and roasted aluminum 
phosphate, in the order named. 

The results from the several crops grown in 1901 are reported 
as the weight of the fresh or green crops. It will be seen that the 
raw calcium phosphate produced some increase in eleven of the 
twelve crops reported, and the average increase from this raw rock 
phosphate is more than three fourths as much as from the common 
acid phosphate costing two or three times as much for the appli- 
cations made previous to 1901. 

The relative effects of the different phosphates are about the 
same on the unlimedland as where some lime had been applied. 
except that the superiority of the slag phosphate, steamed bone 
meal, and common raw rock phosphate (calcium phosphate) over 
the four acid phosphates (including superphosphate) was even 
more marked in the four years’ hay crops on the unlimed land 
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\s an average, the raw calcium phosphate produced more than 90 
per cent as much increase as the common acid phosphate in the 
\ arious crops grown in 1901 on the unlimed land. 

The value of the increase produced by the raw calcium phosphate 
in the hay crops alone is twice the cost of all the phosphorus ap- 
])]icd in this form during the eight years. 

The value of the lime in the slag phosphate is indicated espe- 
cially in the increase in hay on the unlimed land. The aluminum 
jihosphates (which also contain some iron phosphate) gave much 
poorer results than the raw calcium phosphate; but no (Inal con- 
clusions should be drawn regarding this, because the aluminum 
phosphate may not have been as finely ground as the common 
rock phosphate, which in these experiments was applied as “ floats,” 
ilie (lust that collects about phosphate mills. There is evidently 
no a(l\’antage from roasting the aluminum-iron phosphate (Rc- 
(londite), 

'fhe somewhat poorer results obtained with tlic double sujier- 
phosphate, as compared with the other three acidulated jihosphates, 
is jirobably due to the manufactured land-plaster (calcium sulfate), 
which is a powerful soil stimulant, and which as already explained 
constitutes about 50 per cent of ordinary acid jihosjihatc. 

It will be noted that the lime itself more than doubled the yield 
of hay as an average of all plots, and also increased the yield of 
corn. This Rhode Island soil is acid, and for most crojis is markedly 
improved by liming. 

In commenting upon these experiments. Director Wheeler says 
(Rhode Island Bulletin ii^): 

“With the pea, oat, summer squash, crimson clover, Japanese millet (on 
tlie unlimed land), golden millet, white-podded Adzuki bean, soy Ijean, and 
P'’tato (on the unlimed land), floats (raw calcium phosphates) gave very good 
WMilts; but with the flat turnip, table beet, and cabbage they wore adatively 
Very inefficient.” 

“ The use of fine-ground bone, basic slag meal, and floats has tended con- 
tinually to make the unlimed land more favorable fo clover, as is well shown 
hy its appearance only upon those plots of the unlimed series where these 
phosphates had been used, while it was absolutely lacking where the raw 
iind roasted Redondite and the soluble phosphates had been applied. Upon_ 
the limed land, clover has been uniformly common upon all the plots.” 

“Floats can probably be used to best advantage on moist soil, rich in decay- 
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ing vegetable matter, and for such crops as certain legumes, Indian corn, 
and possibly wheat and oats, which seem far better able to make use of them 
than certain vegetables.” 

In Tables 44c and 45c are recorded the results obtained in the 
continuation of these Rhode Island experiments, with soy beans in 
1902, with nineteen different kinds of plants in 1903 (varying from 
I row of spinach and 2 rows of lettuce to 10 rows of barley and if) 
rows of oats), and with oats in 1904. 

The heavy applications made in the spring of 1902, amounting 
to 1426 pounds of acid bone black, 1738 pounds of acid bone meal, 
and 1771 pounds per acre of acid phosphate, with no additional 
application of raw calcium phosphate, render the subsequent crop 
yields of less economic importance, in the author’s opinion, but 
they are of interest because of the great variety of plants repre- 
sented, although the data are not sufficient to justify very definite 
conclusions. 

The following comments on the results of 1902, 1903, and 1904, 
are given in Rhode Island Bulletin 118, page 84: 

“Floats (raw calcium phosphate) gave very good results with the soy beans, 
peas, crimson clover, mangel-wurzel (on limed land), barley (on limed land), 
potato (on unlimcd land), Japanese millet, oats, and golden millet; but they 
proved highly inefficient, especially for Hubbard squash, rutabaga, crookneck 
squash, flat turnip, cabbage, mangel-wurzel (on the acid unlimed land), 
tomato, lettuce. New Zealand spinach, and red valentine bean.” 

One of the oldest known facts concerning plant nutrition is the 
weak power of turnips and other plants of the cabbage family 
(Crucifferae) to secure phosphorus from insoluble forms. Thii.s, 
almost the first important result of Sir John Lawes’ agricultural 
experiments was the discovery, seventy years ago, that dissolved 
bone black was very much more efficient than the untreated ma- 
terial for the production of turnips. 

In no case in the Rhode Island results for 1902, 1903, or 1904, 
with soy beans, crimson clover, millet, or oats (representing the 
farm grains, grasses, and legumes) was the increase from acid phos- 
phate double the increase from raw calcium phosphate, and as an 
average of the results with these crops (on limed or on unlimed 
plots) the increase from acid phosphate was not more than il 
times that from the raw calcium phosphate, although the cost of 
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The acid phosphate applied is three times that of the raw rock; 
and it should be kept in mind that no provision was made to keep 
the soil supplied with decaying organic matter, although nitrogen 
and potassium, in commercial form, were applied to all plots alike. 

If we add together all of the grain and hay produced during the 
decade following the first year of the experiment, including the 
oat grain in 1895, the hay in 1896, 1897, 1898, 1899, and 1904, 
the car corn in 1900, and the soy beans in 1902, we secure the 
following totals for the plots designated: 


Soil Treatment 

No Phosphate 

Rock Phosphate 
(Ca) 

Acid Phosphate 

Unlimcd 

Limed 

Unlimed 

Limed 

Unlimed 

I-imed 

’ounds per acre . . . 

8310 

27470 

22S90 

.15.540 

22860 

^7000 

Piin for phosphorus . 

— 

— 

14580 

7870 

14550 

95.10 

lain for lime .... 


iyi 6 o 


12450 


14140 


These figures present in very concise form an economic summary 
of the Rhode Island experiments with “ lloats” and acid phosphate, 
as applied to the more valuable produce of the general farm crojis 
grown during the ten years. The acid phosphate gave slightly 
jioorcr results than the raw rock on the unlimcd land and 20 per 
cent better results on the limed land. The value of lime is also 
strikingly shown. It should be kept in mind, however, that the 
more abundant gro^vth of clover upon the limed land during the 
lour years, 1896 to 1899, would likely benefit succeeding crops, 
irrespective of the lime itself. 

The Maine Experiment Station reports two series of experiments 
^vilh different phosphates, one covering a period of nine years with 
till tests in triplicate on 2oth-acre plots where equal amounts of 
phosphorus were compared, and the other for five years (1890 to 
^894) on 2j-acre plots where equal money values of phosphorus 
'■ere compared. 

In the nine-year experiments, fertilizers were applied five times — 
in 1886, 1887, 1889, 1893, and 1894. When applied, the amounts 
!'ct acre were 200 pounds of ammonium sulfate, 100 pounds of 
potassium chlorid, 360 pounds of fine-ground bone, 300 pounds of 
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fine-ground South Carolina raw rock phosphate; and, for soluble 
phosphorus, 400 pounds of acidulated bone black were used for 
1886, 1887, and 1889, and 500 pounds of acid phosphate made from 
South Carolina rock for 1893 The stable manure was 

applied five times at the rate of 20 tons per acre. The results are 
reported in Table 46 for each of the eight crops harvested. 


Table 46. Maine Experiments with Different Phosphates 
Pounds per Acre of Air-dry Produce; Average^of Three Plots in Each Case 


Treatment Applied 

None 

NK 

Acid 

Phos- 

phate 

NK 

AND 

Bone 

Meal 

NK 

Raw 

Phos- 

phate 

NK 

Only 

Sr.\iii.n 
Maxi HE 

1886 Oats, grain . . . 

1670 

2486 

2286 

2166 

1936 

2216 

1886 Oat straw . . . 

1994 

3414 

3134 

2886 

2564 

3050 

1887 Oats, grain . . . 

800 

1160 

956 

1064 

1052 

1014 

1887 Oat straw . . . 

1200 

2240 

1610 

2036 

1648 

2060 

1888 Hay 

1889 Fallow .... 

2566 

2434 

2800 

2566 

2234 

4010 

1890 Peas, grain . . . 

742 

902 

946 

848 

762 

1360 

1890 Pea straw . . . 

664 

948 

976 

914 

660 

i2(S4 

1891 Oats, grain . . . 

1166 

1346 

1376 

1160 

1296 

1542 

1891 Oat straw . . . 

726 

986 

1090 

776 

704 

1746 

1892 Peas, grain . . , 

468 

• 368 

376 

308 

440 

588 

1892 Pea straw . . . 

748 

756 

696 

552 

740 

138S 

1893 Corn, total . . . 

395 

14TS 

1326 

1076 

905 

2931 

1894 Corn, total ... 

749 

2926 

3038 

2631 

1879 

35(>2 

Total yield, 8 crops . . 

13888 

21381 

20610 

18983 

16820 

26751 

Total increase ... 
Gain for phosphorus . 

1 

7493 

4561 

6722 

3790 

5095 

2163 

2932 

12863 


Of the different forms of phosphorus, the acid phosphate gave the 
best results for the first two years, especially in oat straw, but 
afterward the bone meal gave the best results. The raw phosphate 
produced only about one half as much increase as the other forms, 
but at less than one third the cost. 
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In the other phosphate experiment by the Maine Station, covcr- 
iinr five years on a lo-acre field divided into four 2^-acre plots, the 
fertilizer applications were made but once (in 1890). The amounts 
aj)i)lied per acre were 20 loads of stable manure on plot i, and 66 
pounds of sodium nitrate, 16 pounds of ammonium sulfate, and 100 
pounds of potassium chlorid (supplying only 14 pounds of nitro- 
gen and 42 pounds of potassium) on plots 2 and 3. In addition, 
])lot 2 received 1000 pounds of raw rock phosphate (containing 107 
])ounds of phosphorus), and plot 3 received 500 pounds of acid 
j)liosphate (containing 35 pounds of phosphorus), per acre. Plot 4 
received no fertilizer. 

'Fable 47 gives the results obtained for the five years of the 
exj)eriraent, and also the average yields of hay for two years before 
the fertilizers were applied. 


Table 47. Maine Experiments with Equal Money Values of Raw 
Phosphate and Acid Phosphate 
Pounds per Acre of Air-dry Produce 


Plot No 

1 

•4 


4 

Treatment applied, 1890 Only 

St IDLE 
.Ma.st.ke 

NK 

Raw 

Pi IDS- 

NR 

Acin 

I’lKIS- 

I’H.ATE 

None 

i>iS8 and 1889 average yield . 

2542 

2416 

2082 

2510 

i8go Barley and peas, total . . . 

2208 

1712 

1422 

1118 

1 891 Oats, grain 

1536 

1447 

1523 

1.304 

I 8qi Oat straw 

2282 

1534 

1449 

1176 

1892 Barley hay 

3444 

2324 

1930 

I161 

l8q 3 Fallow 

— 

— 

— 

— 

’^T )4 Oats, total 

1894 

2453 

T 7,34 

957 

1 otal yield, 1890 and 1891 . . . 

6026 

4693 

4394 

339-8 

O'tal yields, 1892, 1894 .... 

5338 

4777 

3664 

2118 
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These data show that the first two years after application the 
acid phosphate gave about the same results as the raw phosphate, 
but the last two crops gave better results from the raw phosphate, 
even when compared with the original apparent difference in the 
productive power of the two plots, — a difference which may or 
may not hold for other crops in other years. 

In commenting on these experiments, Director Jordan said 
(Maine Report, 1894, page 31): 

“With the exception of the oat crop of 1891 the production of plot two has 
largely exceeded that of plot three. Especially is this true of the 1894 crop 
after the exhausting effect of three years of cropping. . . . This is certainly 
one instance of the unmistakable persistent influence of a crude phosphate 
in increasing the growth of a field crop.” 

According to Doctor Jordan, the 20 loads of stable manure con- 
tained 172 pounds of nitrogen, 50 pounds of phosphorus, and 146 
pounds of potassium. 

The Massachusetts Experiment Station has reported, with the 
following explanations, an experiment with different kinds of 
phosphates, extending over ii years, 1890 to 1900 (see 9th, lotli, 
and 13th Annual Reports) : 

“This series of experiments was begun by Doctor Goessman in 1890, with 
a view of determining whether it is not more profitable to employ one of the 
cheaper natural phosphates than to use the more costly acid phosphate. 

“The field was first divided into five plots, containing about 6600 square feet 
each. These plots received equal money’s worth (on the basis of prices in iScjoi 
of the phosphates used, as follows; 

Plot I. Phosphatic slag. 

Plot 2. Mona guano. 

Plot. 3. Apatite at first; later Florida phosphate. 

Plot 4. South Carolina phosphate. 

Plot 5. Dissolved bone black. 

“Plot 3, as above stated, received an application of ground apatite in 1890. 
In 1891 it was found impossible to obtain this material, and no phosphate of 
any kind was applied to the plot. In 1892 and 1893 ground hard Florula 
phosphate was applied to this plot. It is not believed, however, that it is fair 
to this phosphate to compare it with the others, since it has been used on!v 
two years, while the others have been applied for four years. 

“From the beginning, each of these five plots has received the same applica- 
tion of nitrate of soda and potash-magnesia sulfate. The quantities of thcM' 
applied per plot during the first four years were about 44 pounds of the forme;- 
and 66 pounds of the latter. 
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“Since 1894 no phosphate of any kind has been applied to these plots, but 
ihc quantity of nitrate of soda and of potash-magnesia sulfate has been used in 
0!',.' half greater quantities. 

“At first Doctor Goessman included no plot on which phosphate was not used 
for comparison with the others. Later such a plot was added, but it was left 
ciiiircly unmanured until 1896. During 1896 and 1897 it has received the 
nil rate of soda and potash-magnesia sulfate at the same rate as the other plots.” 

The data (excepting from plot 3) are recorded in Table 48. 


Table 48. Massachusetts Experiments with Equal Money Values of 
Different Phosphates 
Pounds per Plot (about 6600 Square Feet) 


Plot No 

0 1 1 

2 

4 

5 

Phosphate Applied 

Xu.NE 

Sl.AO 

Pjios- 

OlAXO 

PlIOS- 

s.c. 

Raw 

Ann 

Bo.ve 



PHATE 

PHATE 

niATK 

Black 

1S90 Potatoes 

— 

1600 

1415 

1830 

2120 

i.Sqi Wheat, grain 

— 

67 

73 

7S 

59 

1 89 1 Wheat straw 

— 

3^3 

267 

302 

346 

1892 Serradella (air-dry) 

— 

814 

682 

622 

5^4 

i 8()5 Ear corn 

— 

470 

571 

580 

542 

189^ Corn stover 

— 

1190 

810 

890 

780 

1804 Bariev, grain 

— 

169 

148 

T 44 

TI8 

1894 Barley straw 

— 

221 

251 

216 

272 

189^ Rye, grain 

— 

T95 

r66 

189 

185 

pSgiRve straw 

— 

500 

465 

570 

440 

1896 Soy beans, grain 

— 

254 

233 

252 

247 

1896 Soy bean straw 


426 

540 

500 

495 

i8q 7 Swede turnips (roots) ■ . . . . 

830 

1870 

3655 

1965 

1619 

1 898 Corn 

— 

— 

— 

— 

— 

1899 Oats 

— 

— 

— 



— 

^ ' )Oo Cabbage (heads) 

103 

900 

830 

1500 

109s 

Pounds pe 

r Acre 





‘890-1893 Phosphorus applied . . . 

None 

278 

207 

416 

142 

1 ^00-igoo Phosphorus removed . . 

— 

124 

T2I 

122 

116 

‘900 Balance not removed .... 


154 

86 

294 

26 

I’hosphorus unused, percent . . • • 

— 

55 

43 

71 

18 
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The record for yields for 1898 and 1899 appears not to have been 
published, but the report states that in 1898 the yield of corn was 
good upon all of these phosphate plots, and that there was but 
little difference between the yields of oats on the different plots 
in 1899. In the Report for 1900 the following summaries are made 
by Professor Brooks: 

“Taking into account all of the crops which have been grown upon this 
field, except the Swedish turnips (rutabaga), which were affected by disease 
not apparently due to the fertilizer which had been used on a portion of the 
plots, and the yields of which, therefore, as expressed in figures, would be mis- 
leading, and representing the aggregate yield which stands highest, by 100, the 
efficiency of the different phosphates is as follows: 


Phosphatic slag 

100.0 

Ground South Carolina rock . 

923 

Dissolved bone black 

90.7 

Mona guano .... 

88.3 

“There was at first no no-phosphate plot used in the experiment, but we have 
had a no-phosphate plot since 1895. Taking into account the yields of the 
several plots since 1895, and excepting the Swedish turnips, which were grown 
in 1897, for reasons above stated, the phosphates have the following relative 

rank: 


South Carolina rock phosphate 

100.0 

Phosphatic slag 

99.0 

Dissolved bone black 

97-7 

Mona guano . . . . 

95-4 

No phosphate 

554 


“The following conclusions appear to be justified by the results which wc 
have obtained: 

“It is possible to produce profitable crops of most kinds by liberal use of 
natural phosphates, and in a long series of years there might be a consideral^k’ 
money saving in depending, at least in part, ujxin these rather than upon the 
higher priced dissolved phosphates.” 

“ Between ground South Carolina rock, Mona guano, and the phosphatic 
slag there is no considerable difference in the economic result.” 

It will be seen that the South Carolina rock phosphate produced 
larger yields than the dissolved bone black with all of the fourteen 
different crop products reported, excepting potatoes the first year, 
wheat straw the second year, and barley straw the fifth year, h 
should be kept in mind, too, that no adequate provision was mad.c 
for supplying decaying organic matter to this soil during the eleven 
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vcars of the experiment, and we have the following statement from 
the Massachusetts Report for 1896, page 190, concerning the earlier 
jiisiory of this field: 

“ Previous to 1887 it was used as a meadow, which was well worn out at that 
lime, yielding but a scanty crop of English hay. During the autumn of 1887 
the sod was turned under and left in that state over winter. It was decided 
ii» luepare the field for special experiments with phosphates by systematic ex- 
Iiatistion of its inherent resources of plant food. For this reason no manorial 
matter of any description was applied during the years 1887, 1888, and 1889. 

“The soil, a fair sandy loam, was carefully prepared every year by plowing 
(luring the fall and in the spring, to improve its mechanical condition; during 
the same period a crop was raised every year.” 

second series of experiments with different phosphates was 
begun by the Massachusetts Station in 1897, upon thirteen plots 
of land that had all received 600 pounds of bone meal per acre in 
1896. In this series equal amounts of phosphorus are being applied 
in ten different phosphates. The results thus far reported are 
variable and inconclusive. In some cases soluble jthosphates have 
produced the best yields, esoecially upon garden vegetables, while 
in some other cases the raw'phosphates have given better results. 
f)f course the 600 pounds of bone meal applied to the entire field 
in 1896 greatly reduced the need for phosphorus for some years. 
The published data are given in Table 49. (Sec Massachusetts 
Reports 1898 to 1907.) 

In the report for 1903, Professor Brooks makes the following 
comments concerning the cabbage crops: 

“Apatite and soft Florida phosphate are the least effective among the phos- 
phates employed. 

“South Carolina rock gives a surprisingly good return, being exceeded in 
yield of hard heads by only one plot, — the one receiving dis.solved bone, — 
'vhile in total yield it is materially exceeded by but few. 

“The phosphatic slag ranks among the best of the phosphates.” 

Professor Brooks also makes the following general statements 
concerning these phosphate experiments: 

“In estimating the significance of the results upon this field, it-is important 
keep in mind the facts as regards the character of the soil. It is what would 
called a strong and moderately heavy loam, and has great capacity to retain 
•uoisture. The relatively insoluble phosphates are known to give better results 
on soils of this character than on those which are lighter and drier.” 
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“It appears reasonable to believe that on soils of the character of this field 
the fanner may safely depend for a considerable portion at least of the phos- 
[I'lorus needed by his crops upon the cheaper natural phosphates, such as finely 
(-round South Carolina rock and finely ground bone, while phosphatic slag also 
promises to give a most useful fertilizer upon soil of this character.” 

'Fhis entire field, including the no-phosphate plot, has received 

pounds of nitrogen and 126 pounds of potassium per acre per 
annum for the ten years. The phosphate plots have each received 
42 pounds of phosphorus per acre each year; but no provision was 
niade for maintaining organic matter in the soil. It should also 
be kept in mind that the raw phosphates that gave jtoor results 
may not have been ground to a sufficient degree of fineness. 

The Illinois Experiment Station is conducting much more ex- 
tensive experiments than any other state with the use of line- 
ground natural rock phosphate, but these investigations were begun 
too recently to furnish information from which such final conclu- 
sions can be drawn as from the Ohio work, for example. 

In Table 50 are reported results obtained from the University 
of Illinois soil experiment fidd near Galesburg, Knox County, on 
the ordinary brown silt loam prairie soil of the Upper Illinoisan 
glaciation, which, in 1903, contained in 2 million ])ounds of the 
surface soil 5020 pounds of nitrogen, 1160 j)Oun(ls of total phos- 
jjliorus, and 31,700 pounds of potassium. 

A six-year rotation is under way on this field, including corn for 
two years, oats the third year, and wheat the fourth, followed by 
two years of clover and timothy. (After the first six years the 
rotation will be corn, corn, oats, clover, wheat, clover.) There are 
three independent series of plots, so that every year corn is grow- 
ing on one series, oats or wheat on another scries, and clover and 
timothy on the other. 

The land was timothy sod at the beginning, and Series 300 was 
not broken during the first two years, ^ ton of jjhosphate per acre 
iiaving been applied at the beginning as a top dressing, which, as 
''ms expected, produced practically no effect. A ton of ])hosphatc 
per acre applied in the beginning to Series 200 produced no cficct 
en the oats seeded on timothy sod in 1904; ^i^tl but little effect 
on the wheat which followed in 1905. The regular plan is to apply • 
^2 tons of raw rock phosphate per acre to the clover and timothy 
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sod before plowing for com, and this application will probably be 
repeated every six years until the total phosphorus content of the 
plowed soil is about doubled, after which the amounts applied for 
each rotation will be reduced to supply only about as much phos- 
phorus as is removed in the crops grown. 

The heavy applications of phosphorus that will thus be made 
during the first three or four rotations cost about $1,88 per acre 
per annum, which is less than is commonly expended for “ com- 
plete ” fertilizers in the older states, in a system that supplies less 
phosphorus than is removed in the crops grown and that thus 
leaves the land poorer year by year. (An application of 200 
pounds of “ 2-8-2 ” fertilizer ‘ would furnish less than 9 pounds of 
total phosphorus and at an average cost of at least $2.) 

Different systems of supplying organic matter are followed upon 
the different plots numbered in Table 50 (legume catch crops, crop 
residues, and farm manure) , so that the same yields are not to be 
expected upon plots 2, 3, 4, and 5, for example; but these four 
plots differ from the next four only by the application of phos- 
phorus to plots 6, 7, 8, and 9. For the student of details, it may be 
said that, aside from the phosphorus applied, plot 5 is treated the 
same as plot 6, while plots 2, 3, and 4 are treated the same as plots 
7, 8, and 9, respectively. 

Of course, the benefits of the crop rotation, including the use of 
different methods of supplying organic matter and nitrogen, 
cannot be determined before even the first rotation is completed; 
and the results thus far secured from the phosphorus applied arc 
to be considered very preliminary. They show but little of what 
it is reasonable to expect from the system when fully under way 
after the benefit of one or two full Totations is felt. 

In the last column of Table 50 are given the values of the in- 
creases produced by the raw rock phosphate, including the yearly 
totals from the three crops; that is, from three acres. By keeping 
in mind that the annual cost of the phosphate for three acres is 
$5.63 (while the heavy applications are being made), the financial 
progress of the experiment during the first five years is seen at a 
glance. In round numbers, the increase paid 50 per cent interc-t 

^ This means 2 per cent of ammonia (NH3), 8 per cent of available “phosphor; ' 
acid” (P2O5), and 2 per cent of potash (K2O). 



Table 50. Illinois Experiments with Raw Rock Phosphate 
On Typical Illinois Com Belt Prairie Soil; Galesburg Field 
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on the investment in the first three years, and during the next two 
years it paid the annual cost and 40 per cent net profit on the same. 

The results of the Galesburg field are in harmony with those thus 
far secured from many other University of Illinois soil experiment 
fields in different parts of the state, and they are also in harmony 
with numerous practical tests by progressive Illinois farmers who 
make adequate provision for supplying the soil with decaying 
organic matter. Thus, as an average of four independent tests on 
each experiment field, Tennessee raw rock phosphate increased the 
yield of corn in 1908 byi2.i bushels per acre on the Galesburg 
field, by 11.9 bushels on the Myrtle field for first-year corn and 9.3 
bushels for second-year corn, by 16.0 bushels on the Rockford 
field for first-year corn and 7.6 bushels for second-year corn, by 
3.5 bushels on the Antioch field, by 9.1 on the Auburn field, and 
by 8.4 bushels on the Urbana field. 

These experiment fields are in six different counties, and thc'y 
have been in operation from four to six years. The average yield 
of corn in 1908 was 67.3 bushels where raw phosphate has been 
applied and 57.5 bushels without phosphorus. The phosphate 
applied thus far adds phosphorus to the soil at the rate of 60 pounds 
or more per year, while 16 pounds are required for a 68-bushel crop 
and about 2 pounds for the lo-bushel increase. Thus, the value 
of the increase (S3. 43) will pay the cost of the phosphate (less 
than $2) and leave 50 per cent net profit, and with 70 per cent of 
the phosphorus left in the soil. 

The effect on wheat and clover is almost as marked as on corn. 
Of course, more clover means more nitrogen secured from the air, 
and it may also mean more manure to return to the soil. Mean- 
while, the untreated land grows poorer year by year. 

In Table 51 are given the results reported by the Illinois Experi- 
ment Station (Circular 97) from a series of pot cultures conducted 
for the purpose of comparing equal money values of raw rock phos- 
phate and steamed bone meal. In the Illinois field experiments, 
the standard annual application of phosphorus is 25 pounds per 
acre in 200 pounds of steamed bone meal and nearly equal money 
values of other forms of phosphorus. The 25 pounds is based upon 
the requirements of a loo-bushel crop of corn, with i or 2 pounds 
for loss in drainage. In pot cultures very large crops are commonly 
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produced, and to meet the' needs of such crops the applications of 
plant food are made three times as large as in field experiments. 

Die soil used was from the gray silt loam prairie of the lower 
Illinoisan glaciation, and wheat was the crop grown in the pots, 
rhe phosphate used is known as the Tennessee blue rock. In cer- 
tain pots the phosphorus was turned under with a good growth of 
clover; in other pots with farm manure, and in others with both 
clover and manure. 


Table 51. Comparative Effects of Steamed Bone Meal and Raw Rock 
Phosphate, in Connection with Clover and Manvke 


Partial Treatment 

Arplied 

Skrii 

WITHOIT 

Wheat 

Grams 
per Pot 

'OTASSIVM, 

Yields 

IncrciW in 

WITH !■( 

WiiEvr 

Gpims 
(ler I’ol 

^ Kim 

Im-rrase 

None 

10.0 

— 

ii '3 

T,. 

Clover 

16,3 

6.3 

18.4 

8.4 

Bone meal . . 

14.7 

4.7 

18.4 

8,4 

Rock phosphate 

14.2 

4.2 

1 8, 2 

8.2 

('lover, bone meal 

22.2 

12.2 

21.9 

II.9 

Clover, rock phosphate 

23'3 

13-3 

21.9 

II.9 

Manure 

16.5 

6.5 

iS.T 

8,1 

Clover, manure 

22.7 

12.7 

19.1 

9.1 

Manure, bone meal 

19.4 

9.4 

m '3 

9-3 

Manure, rock phosphate . . . .* 

^ 9-5 

9 -S 

19.0 i 

9,0 

Clover, manure, bone meal . . . 

24.1 

131 

2 .T 3 

Cv 3 

Clover, manure, rock phosphate . . 

23-3 

i 3‘3 

25-3 

15-3 


It will be seen that the untreated soil (pot loi) yielded 10 grams 
ol wheat. Where clover was turned under (102), the yield was in- 
creased by 6.3 grams, and where bone meal was turned under with 
clover (105), the yield was 22.2 grams, the increase of 12.2 grams 
'jcing nearly double that produced by clover without bone meal. 

^Vhere raw rock phosphate was turned under with clover (106), 
fine wheat yielded 23.3 grams, making a total increase of 13.3 grams 
*■'' cr the yield of the untreated soil. Of this increase 6.3 grams 
diould be credited to the clover and 7 grams to the rock phosphate, 
one computation; or 4.2 to the phosphate and 9.1 to the clover, 
Kv the other route. Thus, rock phosphate used alone produced an 
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increase of only 4.2 grams, which, added to the increase of 6.3 grams 
due to clover alone, makes only 10.5 grams. In other words, the 
sum of the gains which they make when used separately was 2.8 
grams less than the increase produced when the rock phosphate 
and clover were turned under together. Somewhat similar results 
are produced with clover and bone meal when used separately and 
together; also with bone meal and potassium, and with rock 
phosphate and potassium. Such marked combined action does not 
appear, however, from other combinations, possibly because of 
other limiting factors. As a general average, the rock phosphate 
has made slightly better gains than the steamed bone meal. 

The pots used in these investigations arc io| inches in diameter, 
consequently i gram per pot corresponds to i pound per square 
rod, or to 160 pounds per acre. The actual yields in grams per pot 
are given, but the results may also be computed to bushels per 
acre. It should be remembered that pot cultures constitute an 
intensive form of agriculture. They are carried on under almost 
complete control, except in very warm weather, when too much 
shade may be required to avoid too high temperature. The yields 
obtained are usually two or three times as much as can be expected 
in the field under ordinary weather conditions. They are not, 
however, larger than could be obtained in the field under perfect 
weather conditions. The largest yield reported in Table 51 is 25.3 
grams per pot, or 67 bushels of wheflt per acre. Pot culture yields 
have been produced corresponding to 142 bushels of wheat, and 
to 230 bushels of oats, per acre. 

Doctor Alfred M. Peter of the Kentucky Station has kindly 
furnished the author the following data secured by him with the 
cooperation of Mr. S. C. Jones of the Kentucky Geological Survey: 


Kentucky Experiments; Pot Cultures 


Treatment Applied 

Crop Yields; Grams 

PER Pot 

Kind 

Amount 

Tobacco 
(Leaves and 
Stalks) 

Wheat 

(Grain Only) 

Alfalfa 

Hay 

None 

none 

4.8 

6.8 

6.7 

Acid phosphate .... 

4.0 grams 

lO.O 

9-S 

II-5 

Raw phosphate .... 

10.5 grams 

12.9 

12.0 

10.2 
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The soil used in these pot cultures (which were 2-gallon jars) 
a residual limestone soil from Christian County, Kentucky, 
and contained 870 pounds of total phosphorus and 32,120 pounds 
ot potassium in 2 million pounds of surface soil. The results are 
of interest; but, as Doctor Peter writes, “ it must be understood 
dial they are only single experiments carried out one season, and 
must be valued accordingly.” 

The Wisconsin Agricultural Experiment Station (Bulletin 174) 
also reports a single year’s experiment with field cultures showing 
that manure and raw phosphate increased the yield of rutabagas 
by 27 per cent and the yield of potatoes by 47 per cent above the 
yield from manure alone, and the opinion is expressed that “ these 
results leave no doubt that the use of phosphate supplementing 
manure is beneficial.” 

In describing Mr. J, F. Jack’s Virginia farm, Joseph E. Wing, 
the well-known agricultural writer, makes the following state- 
ments {Breeders^ Gazette, June 2, 1909): 

“ Proud as we are of Woodland Farm, I find acre after acre of alfalfa on Mr. 
Jack’s farm as good as our best. I find it as good as the best that I ever saw 
in California. Is it alt good? No. There are acres that arc thin, stunted. 
What cause? He is seeking that now. Doubtless there are areas that arc too 
j'oorlv drained, there are places yet sour, and some land needs more feeding. 
N’n doubt at all of that. He has not limed liberally at all times. Last year, for 
example, some men told him that they had a prepared lime that was two times 
as i ffective as ordinary lime. He had been using a ton to the acre; he bought 
this lime, at a higher price, and used but 1000 pounds. Then he learned to his 
sorrow that the lime was simply slacked at the kilns, was so-called ‘agricultural 
lime’ and had only about half the strength of fresh burned lime. So it seems 
sure that much of his land has had too little lime. He finds that lime carbonate, 
'hat is, simply ground limestone, gives him as good results as anything, and that 
loriunately is cheap.” 

"What an interesting thing it is to find this old Eastern land being newly dis- 
covered. . . . But here the soil must be fed, do not forget that! The natives ' 
*orgot it, hence their sorrow now.” 

‘ Business methods apply to fanning as well as to anything else. Farming 

u business, and, with present prices for things, a paying business. It pays to 
h yv lime (Mr. Jack is getting Jiis ground limestone delivered to him for $2.90 
' '' year) to make land sweet, to buy phosphorus, to sow legumes, to build soil, 
bialfa is as easily set in Virginia as in any other state, and it grows splendidly 
V’ n.en the land is made sweet with lime, filled with decaying vegetable matter or 
'uamus, given inoculation and phosphorus.” 
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“ Alfalfa will make land in Virginia yield good returns on a valuation of S200 
per acre, or more, and land that was worth $30 per acre can be set in alfalfa 
at a cost of about $15 per acre, including lime, fertilizer, seed, and the growth 
of crimson clover. Enthusiasm and faith, with carbonate of lime, phosphorus, 
and clovers, can make a land beautiful to the eye, inspiring to the soul, and 
filling to the purse.” 

“One most valuable result seen here is apparently that untreated Tennessee 
phosphate rock is giving as good results as phosphorus in any other form, using 
not the same amounts, but the same cost equivalents. In fact, there seems de- 
cided gain from the use of the raw phosphate.” 

In a personal communication to the author, Mr. Wing adds the 
following: 

“This is not guesswork, since checks were left with no fertilizer, and the line 
is most marked. Apparently on that soil an application of 900 pounds of 
raw rock gave much better alfalfa than did 400 pounds of raw bone meal or a 
mixture of 200 pounds of bone meal and 300 pounds of acid phosphate.” 

Note. On the author’s Poorland Farm, including about 320 acres in the prairie 
section of southern Illinois (gray silt loam on tight clay), limestone is applied at the 
rate of 2 to 3 tons per acre, and raw rock phosphate at the rate of i ton per acre, 
every six years. After the phosphorus content of the plowed soil has been increased 
from 800 pounds per acre to about 2000 per acre, the application of that element will 
probably be reduced to an amount which will simply maintain the supply. Thus 
far the use of ii car loads of raw phosphate and 17 car loads of ground limestone has 
given as satisfactory results as one could reasonably expect during the first crop 
rotation. For this special soil a six-year rotation is planned, as follows: 


First year Corn (and legume catch crop). 

Second year Part oats or barley, part cowpeas or soy beans. 

Third year Wheat. 

Fourth year Clover, or clover and timothy. 

Fifth year Wheat, or clover and timothy. 

Sixth year Clover, or clover and timothy. 


The plan may be a grain system where wheat is grown the fifth year, only clover 
seed being harvested the fourth and sixth years, or it may be changed to a live stock 
system by using a field for pasture and meadow the last three years, all manure 
produced being applied to the pasture land to be plowed under for corn. While 
the untreated land has produced about one third of a ton per acre of poor hay (purt 
timothy and redtop, part foul grass, sorrel, and other weeds), the treated land i'-is 
produced more than tons per acre of clean clover and timothy hay. A car load of 
limestone or phosphate is purchased with less hesitation than a cow or a horse, anJ 
at about the same cost. 

A careful study of the literature of agricultural science from 
European countries reveals no investigations with the use of raw 
rock phosphate that compare in value with those conducted by 
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inv one of the seven states, Ohio, Maryland, Pennsylvania, 
Uiofle Island, Maine, Massachusetts, or Illinois. 

I'hcre are three essential points to be kept in mind concerning 
he use of raw rock phosphate: 

First, all rock is not phosphate rock, and the farmer should 
)urchase only guaranteed material, and he should know how much 
)lu)S]diorus is contained in the ground rockjie applies to the land, 
f necessary by taking 100 teaspoonfuls from loo different parts 
)f the car load (including different depths), thoroughly mixing, 
ind sending half a pound of this to a reliable commercial chemist 
‘or analysis. 

Second, the rock should be very finely ground, and it should be 
lurchased upon a guarantee that at least 90 jter cent of it will pass 
[hroiigh a sieve with 100 meshes to the linear inch (io,coo meshes 
[0 the square inch), which is no finer than is required for slag phos- 

[)hate. 

Third, raw phosphate should not be expected to give marked 
benefits except when used in connection with adequate supplies 
:)f decaying organic matter. It has practically no value as a top 
dressing, but must be plowed under and thoroughly incorporated 
with the soil where the roots feed. Of course, it will supply only 
the element phosphorus, and will not take the place of any other 
dclicient element, nor act as a soil stimulant to liberate other plant 
food from the soil, although it sometimes contains small amounts 
of carbonate, and then has some tendency to correct soil acidity, 
h'ui in this it is insignificant compared to the effect of ground 
limestone. 

d’he follow'ing interesting discussion concerning the use of raw 
rock phosphate, from the viewpoint of the fertilizer manufacturer, 
'' as published in pamphlet form and widely disseminated in 1908, 
Ijy the National Fertilizer Association. It was also published in 
fall in the American Fertilizer, August, 1908, and in part in Ar- 
'■''oiir’s Farmer’s Almanac for 1909. It is reproduced in complete 
form in the following pages, because it deserves to be read by every 
careful student of soil fertility. Its cautions against the use of 
raw phosphate as a source of immediately available plant food are 
ooiiimended. It also segres to emphasize the fact stated in the 
IrUroduction, that, “ if the independent farmer is to adopt and 
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maintain permanent systems of profitable agriculture, he cannot 
accept ‘ parrot ’ instruction,” not even when offered by the fer- 
tilizer agent. 

The fact that acid phosphate and “ 2-8-2 ” fertilizers are still 
used in the Eastern and Southern states, largely as soil stimulants 
and for a single crop, or for one year’s effect only, fairly raises the 
question whether agricyltural practice in those states is not influ- 
enced more by the “ arguments” of the fertilizer agent than by the 
established facts and principles from the experiment stations. 

Raw Rock Phosphate, “Floats” 

PUBLISHED BY 

The National Fertilizer Association 

For years the raw rock question has cropped out spasmodically, in different 
parts of the world, like the measles or some other affliction. 

Sometimes it was the result of the recommendation of some impractical 
theorist who occupied a position that brought him before the farmer — oftencr 
it was foisted on an unsuspecting farming community by some one who was 
either directly or indirectly interested in an offgrade phosphate mine, and who 
used his official position to further the interests of the rock mine at the expense 
of the farmer. 

But no matter what started its use, the result has always been the same— no 
benefit derived from its use — a distrust of legitimate fertilizers, and a distinct 
set-back to agricultural interests which has taken several years to overcome, 

In the following pages we give you the opinions of foreign experiment station 
men as well as those of our own country. 

Both statistics and your good common sense tell you that the older the state 
or country, the more fertilizers are used and the greater the knowledge they 
have of their use. 

The mere fact that in these older communities, both abroad and in this 
country, the use of legitimate fertilizers has increased rapidly from year to year 
for a hundred years conclusively ^hows their value. 

The fact that wherever raw rock has been used, its use has been abandoned, 
shows its worthlessness. 

Read what authorities who know have to say on this subject. 

Resolution passed by the Association of German Agricultural Experiment 
Stations, in congress assembled, September 14, 1907, at Dresden, Germany: 

“As a result of the extensive advertising whiej^ is done by certain parties ad- 
vocating the use of raw rock phosphate, the association passed the folkwv- 
ing resolution; 

“The association has concluded, from %:rtilizer experiments at 

HAND WITH RAW PHOSPHATE FERTILIZER, THAT THERE IS SHOWN NO PROFIT- 
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Alil.K TERTILIZER EFFECT, APART FROM THOSE OF AQD SOIL. In CONSEQUENCE 
Tiil.REOF THE ASSOaATION FEELS IT SHOULD DISCOURAGE THE USE OF RAW 
PHOSPHATE ON OTHER SOILS.” 

Sec 67th Volume (5-6), page 329, “ Landwirtschaftlicher Versuchs 
Station.” 

'Hie Association of German Agricultural Experiment Stations represents the 
liighc.st authority on agricultural matters in Germany, and undoubtedly the best 
in ihc world. 

German investigators, particularly Dr. Von Liebig, were the authors of most 
of the fundamental principles underlying fertilization and agriculture, —and 
it is to them that we largely owe the progress made in this direction. 

In view of the well-known thoroughness of German agricultural investigators, 
ami the fact that the Association of German Agricultural Experiment Stations 
is universally regarded as the world’s highest authority on such matters, their 
opinion on the use of raw phosphate as a fertilizer is of great importance to 
tile .American fanner. 

On account of the high price of land in Germany intensive farming is every- 
where practiced. The farmers must, of necessity, use fertilizer containing 
])lant food in available condition. Their selection of fertilizers is based on in- 
mimerablc experiments covering over a hundred years. 

'Pile difference in crop yields per acre in Germany as compared with the 
Inited States is conclusive evidence of the soundness of their methods of 
fertilization. The average wheat yield per acre in Germany for the ten years 
iSy5 to 1904, inclusive, was 27.2 bushels, as compared with 13.4 bushels in the 
I niied States for the same period. On oats the yield per acre in Germany was 
4h.o bushels, as compared with 29,2 bushels in (he United Slates for the same 
lieriod. (See pages 671 and 678, “Statistical Matter,” reprint from Year Book 
oi department of Agriculture for 1903.) ' 

The soils of Germany have been cropped for hundreds of years, while a large 
puriion of those in this country are virgin or comparatively fresh. Proper 
iviiilizalion is the secret of the higher yield per acre in Germany. If the United 
^^lalcs is to maintain its supremacy in agriculture, farmers in this country will 
kive to properly fertilize their crops, — and they can well take heed to the 
t'^pt'nenceof their German brothers in this respect. 

before using raw rock, therefore, you would do well to ascertain its true 
h riilizmg value — the availability of the plant food it is supposed to contain — 
‘"'d especially to consider the decision of the German experimenters after years 
"f careful testing. 

1 com the standpoint of furnishing available plant food, raw rock phos- 
VIE is not a fertilizer. The^ report of the twenty-fourth annual meeting of 
' -Association of German Agricultural Experiment Stations, at which the 
The ten-year average yield of corn in the great state of Georgia, where more 
rufactured acidulated comHercial fertilizers are used than in any other state, 

- I bushels per acre, — C. G, H, 
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resolution quoted was passed, states that from “real exact experiments,” con- 
ducted by such authorities as P. Wagner, Tacke, Bottcher, Lemmerman and 
others, “but little fertilizing effect was shown.” 

Further experiments made by Czerhati, L. Rey, Clausen, and others, led to 
similar results just stated. 

The same report states that, “From the present experiments it can be con- 
cluded with certainty that the general use of earthly phosphates (raw rock 
phosphate) cannot be considered as phosphoric acid fertilization.” Phos- 
phoric acid is the only element this material contains, and if it is not available 
it is useless for fertilizing purposes. 

The experiment station officials of Germany have gone on record against the 
use of RAW ROCK PHOSPH.ATE in no uncertain tone. Their opinion is shared, 
with but one or two exceptions, by all the experiment stations in this country. 
If THIS material cannot be recommended for German soils, where proper 
fertilization has been studied for so many years, is it not folly to attempt its use 
on the comparatively fresh soils of this country? 

This report also refers to some recent experiments conducted by parties en- 
deavoring to promote the sale of raw rock phosphate in Europe. In comment- 
ing on the so-called tests or experiments, the German report states — that they 
“were carried out with but very little exactness.” They further class these 
experiments as “entirely unfounded, have been rejected by scientific agricul- 
turists, and especially by Wagner, Tacke, and Bottcher, in a manner not to be 
misunderstood.” 

The said representations of these promoters arc classed as “A very serious 
deception,” and misleading to the farmers. 

The efforts to promote the sale of raw rock phosphate in this country - 
in the light of world-wide failure to show any appreciable fertilizing effect — 
can only be classed, in the language of the German experimenters, as “a very 
serious deception,” and misleading to the farmers. 

Not alone in Germany have experiments with raw rock phosphate proven 
very unsatisfactory. Professor F. II. Storer, in Volume I of his book “.Vgri- 
culture,” in speaking of the value of raw phosphate used in connection 
with manure, as compared with superphosphate, says: “This question would 
seem to have been answered long ago, in so far as good land is concerned, by thi 
common English practice of using superphosphates.” 

Again, later, in comparing the effects of the same materials for fertilL^.inf 
purposes in European countries, he says; “For Europe at least, i.e., for fertilt 
districts, the question has been decided fully long ago and most emphaticalb 
in favor of superphosphate. It has been decided by the long-continued e.vperi 
ments of a multitude of farmers, and their conclusion has been plainly expresset 
by the ever increasing demand for superphosphate.” ' 

' Director Hall of Rothamsted, in his “Fertilizers and Manures” (1909), pug 
118, says; “The mineral phosphates have been But little employed direct! v a 
manures, though there is plenty of evidence t* when they are really ficel 
ground, they are effective enough on soils retaining plenty of water.” — C. G, H. 
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('('lining down to our country, we find that experiments with raw rock 
PiiiKPiiATE — with scarcely any exception — have proven unsalisfacloiy. 
i:x])Lriiuents conducted by the Maine Experiment Station, covering several 
M ars on various crops, designed to show the relative availability of phosplioric 
acid as supplied in acid phosphate, floats (raw rock phosphate), and redonda 
p:„(-phate, were summarized as follows: 

"In every case the acid rock (Acid Phosphate) gave the best returns. The 
gain was especially marked with the family Gramineae, three members of which 
(liarley, corn, and oats) yielded nearly double the amount produced by the 
I'loats or Redonda. The effect upon sunflowers and buckwheat was equally 
marked. If we compare the amount of dry matter produced by the acid rock 
wiih that produced by the Floats for all crops grown, we find the balance in 
favor of the acid rock to be fifty-two per cent. In other words, the effect of 
t!u' available phosphoric acid as compared with the insoluble phosphate was to 
incri'ase the product MORE THAN one half.” ' 

The Georgia Experiment Station, commenting in Bulletin No. 2, concern- 
ing field experiments with phosphates and kainit applied to cotton, states: 
‘'t)f ])ho-sphates. Acid Phosphate appears to lead, slag comes next, and the 
i i.o.t rs ARE last.” ^ 

later Georgia Bulletin (No. 31), in reviewing a comparison of sujicrphos- 
phalewith Tennessee soft phosphate, stales: “Superphosphate in a complete 
fertilizer was compared with one, one and a half and two times the .same amount 
()i 'reiinessce soft phosphate. The latter (Tennessee soft phosphate) was ap- 
plied in each case at a loss.” * 

In the Annual Massachusetts E.xperimcnt Station Report for 1902, concern- 
ing an experiment with various kinds of phosphates which were ap|)lie<l in 
eijiial amounts of phosphoric acid, there is the following regarding raw rock 
phdsphate : “Tenne.ssee phosphate and Florida soft jihos[)hate gave results very 
much inferior to all the others.” This was an experiment on onions. 

In the Massachusetts Annual Report for the following year (1903), concern- 
ing the same experiment continued on cabbages, the previous year’s results arc 
ct'iifirmed: “That Tennessee phosphate and Florida soft pliosphate proved 
vvry much inferior to all others.” * 

’ This quotation is taken from page 72 of the 189S Report of the Maine Fxjjeri- 
na r.l Station; while on page 57 of the rgoo Report occur the following st.'itcmcnls: 

i mr the first year the largest increase of crop was produced by soluble |)liosphorie 

'T For the second and third years, without further addition of fertilizers, better 
■I -idts were obtained from the plots where stable manure and insoluble phosfihates 

'veiv used.” — C. G. H. 

■ 1 hose are single-year tests. The following quotation might also be made from 
161 of Georgia Bulletin No. 25 : “Florida .Soft Phosphate appears to be eijually 

''aluable as Acid Phosphate, the difference, if anv, being rather in its favor.” — 
f'- (h H. 

“ b)n the other hand, the South Carolina raw rock phosphate produced a much 
U)'-'' yield than acid phospl#e, especially of marketable cabbage, as shown in 
G. H. 
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In Scott County, Indiana, an experiment to determine the relative value oi 
raw rock phosphate and acid phosphate was started in 1904 and continued for 
four years. Equal values of rock phosphate and acid phosphate were ap 
plied in one application the first year — corn and wheat alternating. The 
actual amount of plant food applied was 286 pounds of total phosphoric acid 
in the rock phosphate and 100 pounds phosphoric acid in the acid phosphate, 
There were three plots in the experiment — one fertilized with rock phosphate, 
one with acid phosphate, one unfertilized. Notwithstanding the fact that the 
first year’s corn crop was a total failure on all plots, the results on wheat sho\ved 
a gain of fourteen bushels per acre with acid phosphate as against only nine 
bushels for the rock phosphate over the unfertilized plot. The profit per acre 
in four years from rock phosphate was $11.55 ; ^ profit in four years from 
acid phosphate was $13.50. 

In Marion County, Indiana, another experiment for the same purpose was 
started, and crops harvested for Iwo years}' Only one application of fertilizer 
was made, the entire amount being applied the first season. As in Scott County, 
equal values of rock phosphate and acid phosphate were applied. The results 
speak for themselves, and they are given in the table below as taken from 
Circular No. 10 of the Indiana Experiment Station. The yields are given in 


bushels per acre; 

Corn Wheat 

Amount per acre 1904 1905 

Unfertilized 20 3 

Rock phosphate, 1000 lb 20 6 

Acid phosphate, 715 lb 27 16 

The value of the increase per acre, figuring corn at 35 cents 
and wheat at 80 cents per bushel, on the plot fertilized with 

acid phosphate, was $12.85 

Deducting cost of acid phosphate ^ . 5.00 

Net return on the increase $7.85 

Value of the increase with rock phosphate 2.40 

Deducting cost of rock phosphate 5.00 

Or a net loss of $2.60 per aert 

0n the total yields the results were as follows : 

Unfertilized $9.40 per acr 

^ Raw rock phosphate •. . 6.80 per acr 

® Acid phosphate 17.25 per acr 


' This is a very fair profit considering that about two thirds of the raw roc 
phosphate will remain in the soil after the acid phosphate is completely exhau.'tet 
It should also be noted that the cost of the acid phosphate was figured at $14 P' 
ton, and the cost of the raw phosphate at $10 per ton. — C. G. H. 

* Italics mine. — C. G. H. 

^ Cost of rock phosphate and acid phosphate deducted. 
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Tiicse figures sttow that the rock phosphate was applied at. a dead loss of 
<^(c per acre — the unfertilized yield value being S2.60 per acre more than the 
ivvk phosphate. The yield with acid phosphate was $7.85 more than the 
t NF! RTiLiZED, and $10-45 per acre more than the raw rock phosphate. 
Tiase results are from experiments primarily intended to show the value of raw 
roek as a fertilizer. They are self-explanatory, and show conclusively the polly 
(H fon'sidering this material as a fertilizer. Further, these results were 
olitained from loo pounds of phosphoric acid in acid phosphate as compared 
w ith 286 pounds of raw rock phosphate. 

riic practical farmer, interested in the proper use of commercial fertilizers, 
CF.it easily figure that where acid phosphate gave such remarkable returns on 
experiments covering a series of years, it will pay him a handsome profit to 
invest judiciously in fertilizers every year giving such good returns. 

Tennessee has some of the largest phosphate deposits in the world. In this 
slate where the value of phosphate is so well understood. Professor C. A. 
Miioers, chemist and agronomist of the Agricultural Experiment Station at 
Knoxville, in a recent letter to the American fertilizer has the following to 
say with regard to the use of this material in its crude state : 

bill was introduced in the Legislature, just adjourned, to allow the sale 
of ground rock phosphate as a fertilizer. In presenting this matter to the 
■Agricultural Committee, the Commissioner of .Agriculture and myself took the 
lio.siuon that it would not be desirable to tag this material, as that would, to a 
cvriain extent, stamp it with the State’s approval. Our position is better under- 
siood when it is considered that a very large part of the fertilizers used in this 
Suiie are for wheat, and, as is well known, raw phosphate rock, as ordinarily 
used, GIVES NO RETURNS ON THIS CROP. Other large amounts are used, es- 
I'ccially in AVest Tennessee, by the truckers, and for garden crops also raw 
unospii.VTE would BE INADVISABLE. Fertilizers havc been uscd in this State 
fir many years,” but our farmers have not studied the matter to any great ex- 
lem. so that many of them would buy a fertilizer just because it was cheap, 
v.'jiecially if it had the State’s tag on it. 

“<dur results on leguminous crops, which are supposed to be better able to 
unke use of the so-called insoluble forms of phosphoric acid than others, do not 
"Mrrant the general use of raw phosphate. I havc recently corresponded 
a number of station men who are interested in the use of fertilizers, and I 
diat the general opinion is against the use of this material, although 
ui'.iUT special conditions, such as arc found on a decidedly acid soil, its use may 
advisable.” 

due state of Alabama is one of the oldest of the states using commercial 
■mizers. Bulletin No. 24, issued May 15, 1908, contains an article on “Raw 
d 'sphate Rock as a Fertilizer.” Following are extracts from this article: 

" Many parties have written to this office for information as to the relative 
u I'dlizing value of the raw phosphate, as compared with the acidulated phos- 
s 'ivs, and the writer has invariably advised caution in the employment pf this 
! dcular kind of phosphate. 
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“The samples of this material which have reached this lp.boratory ha\e al. 
most invariably exhibited a poor mechanical condition, the particles i)einy 
coarse and irregular in size. As the fineness of division of this phosphate has a 
most important influence upon its availability to the plant, purchasers of this 
material have been advised to only use the rock which has been pulverized to j 
state of practical impalpability, the material in this condition being cominonlv 
designated by the name of ‘floats.’ 

“A typical analy.sis of the raw phosphate rock sent to this laboratory this 
season is given herewith ; 


Citrate-soluble phosphoric acid 0.68 per cent 

Acid-solul)le pho.sphoric acid 23.55 per cent 

Total phosphoric acid 24.23 per cent 


“It will be noted tliat nearly all of the phosphoric acid in this phosphate i.s in 
an insoluble or acid-soluble condition, and there is scarcely a tr.ace of watf.r 
SOLUBLE PHOSPHORIC ACID TO BE FOUND IN THIS RAW PHOSPHATE. 

“With regard to the comparative availability of raw phosphate rock, it might 
’be stated that the Experiment Station at x\uburn has, during the past few years, 
carried out under its supervision more than one hundred cooperative soil and 
crop tests in a great many different localities in the State with a view to deicr- 
mining the comparative efficiency of raw phosphate and acid phosphate for fer- 
tilizing purposes. These tests have been carried out upon quite a variety of 
soils, and upon most soils the r.aw phosphate has failed to give anytiiint, 
LIKE as good results AS THE ACID PHOSPHATE. 

“In the case of acid phosphate, the ready solubility of most of the phos- 
phoric acid contained therein promotes its rapid and thorough distribution 
through the top layer of the soil, and hence the plant food is so well dissemi- 
nated that it is brought within easy reach of the root system of the plant, 
whereas in the case of the crude insoluble phosphate the diffusion and dis- 
tribution of the phosphoric acid is necessarily slow, and much of the phos- 
phate is left unutilized at the end of the season in which it is applied. 

“For the above reasons it is deemed inadvisable to employ the cei'Di: 
PHOSPHATE to any great extent upon any given soil until comparative tests of 
the crude rock and acid phosphate have been made upon that soil, and, even 
under these conditions, it will probably be found necessary to use much larger 
amounts of phosphate rock than arc ordinarily employed to secure a satis- 
factory return from its application.” 

While the experience of the German Experiment Stations, combined with a 
majority in this country, show emphatically that raw rock phosphate has 
little or no fertilizing value, in addition the method of applying followed i)}' 
users of this material in this country is most extravagant and wasteftl. 
The method followed would soon exhaust the known or visible suppb' 
phosphate rock. Further, the enormous quantities necessary to apply per acre, 
instead of being scattered over and benefiting millions of acres, would be wasid 
on comparatively few. 
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(In the other hand, this crude material, when properly treated with sulfuric 
m i l and converted into acid phosphate, to be used either as straight acid 
piiosphate or in mixed fertilizers, becomes a source of available plant food of 
greatest value. Raw rock phosphate, as mined and sold by certain operators, 
(i K s not contain plant food immediately available to growing crops. It is only 
by yiroper handling and treatment with sulfuric acid that this material is con- 
\ ( l ied into fertilizer furnishing plant food available to various crops and soils. 

Rei)utable fertilizer manufacturers decry the use of raw rock phosphate as 
a fertilizer, knowing that it will not prove satisfactory, as borne out hy exten- 
,si\ e e.Ni)criments of the world’s best agriculturists. They have gone on record 
aiiainst its use, and any lack of results on the part of those using this material 
s’liuild not vitiate against the use of commercial fertilizers rightly prepared, 
furnishing available, nourishing plant food for all cro})s. 

(Signed) The National Fert[lizer .Association. 

The author feels that no further comment is necessary regarding 
this statement from the National Fertilizer As.sociation. The 
fact.s are presented in very complete form in the ])receding pages, 
and the reader must draw his own conclusions. For other illustra- 
tions of the possibility of erroneous conclusions being drawn by 
such German investigators as advance theories or reach conclu- 
sions without sufficient facts, reference may be made to Chapter 

! . and also to Sir Henry Gilbert’s very interesting and comijlete 
discussion ^ of the sources of fat in the animal body, based upon 
Kothamsted Investigations in which 327 dilTerent animals were 
di.^sected, 10 different selected carcasses having been subjected to 
chemical analysis, following the analysis of the food stuffs provided 
during long feeding periods. 

' Pages 231 to 282, Bulletin 22, Office of E.xperiment Stations, United Slates 
department of Agriculture, “Agricultural Investigations at Rothanisted diir- 
‘■ 'Z a period of Fifty Years,” containing a scries of six lectures delivered in 
A e, erica in 1893 by Sir Joseph Henry Gilbert, under the provisions of the Lawes 
■V.;ncultural Trust. 



CHAPTER XVIII 

THEORIES CONCERNING SOIL FERTILITY 

About three hundred years ago Van Helmont, a Flemish alche- 
mist, planted a five-pound willow tree in 200 pounds of dry soil, 
He watered it with rain water for five years, and then found that 
the tree had gained 164 pounds and that the soil had lost only 
2 ounces, in weight. Therefore, he concluded, water is the source 
of plant food. While it seemed to him that his evidence was strong 
"and positive, all know now that his conclusion was wrong, and that 
the air, the water, and the soil are all essential sources of plant food, 

It will be noted that 2 ounces removed from the 200 pounds of 
soil correspond to 1250 pounds from 2 million pounds of soil. 

Later, Bradley, in his “ General Treatise of Husbandry and 
Gardening,” argued that water could be distilled or evaporated, 
which was not the case with willow trees; and, hence, that water 
is not^ the food of plants. He held that air must be the food of 
plants. 

About two hundred years ago, Jethro Tull, the inventor of the 
first seed drill, taught that neither water nor air could be the food 
of plants because they were furnished alike to all plants; whereas, 
two adjoining fields produced very different yields because one 
was impoverished soil while the other had been enriched. Tull 
wrote as follows: 

“It is agreed that all the following materials contribute in some manner to 
the increase of plants, but it is disputed which of them is that very increase of 
food: (i) Niter, (2) Water, (3) Air, (4) Fire, (5) Earth. . . . 

“ Niter is useful to divide and prepare the food, and maybe said to noini.di 
vegetables in much the same manner as my knife nourishes me, by cutting cod 
dividing my meat; but when niter is applied to the root of a plant, it will ^ 11! 
it as certainly as a knife misapplied will kill a man ; which proves that niter is, 
in respect of nourishment, just as much the food of plants, as white arsenio is 
the food of rats, and the same may be said of salts. 

300 
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■ iVdler, from Van Helmont’s experiment, was by some great philosoplu'rs 

to be it. But these were deceived, in not observing tliat water has 
in its intervals a charge of earth, from which no art can free it. 

■ Air, because its spring, etc., is as necessary to the life of vegetables as the 
vt iide of water is, some modern virtuosi have affirmed, from the same and 

arguments than those of the water philosophers, that air is the food of 

"Fire. No plant can live without heat, though different degrees of it be 
necessary to different sorts of plants. Some are almost capable of keeping 
comiKiny with the salamander, and do live in the hottest exposures of the hot 
cmin tries. Others have their abode with fishes under water, in cold climates; 
for the sun has his influence, though weaker, upon the earth covered with 
water, at a considerable depth, which appears by the effect the vicissitudes of 
winter and summer have upon the subterraqueous vegetables. 

'■ But that fire is the food of plants, I do not know any author has affirmed, 
e\rei>i Mr. Lawrence, who says: ‘They are true fire-eaters’ ; and even he does 
not seem to intend that this expression of his should be taken literally.” 

" Firth. That which nourishes and augments a plant, is the true food of it. 

‘ Icvery plant is earth, and the growth and true increase of a plant is the 
addition of more earth.” 

‘■'ioo much earth, or too fine^ can never possibly be given to roots . . . and 
earth is so surely the food of all plants, that with the proper share of the other 
elements, which each species of plants requires, I do not find but that any 
common earth will nourish any plant.” 

'■ 1 he mouths, or lacteals, being situate, and opening in the convex super- 
iieirs of roots, they take their pabulum, being fine particles of earth, from the 
•''U|)eriicies of the pores, or cavities, wherein the roots arc included. . . . These 
1' inielcs, which are the pabulum of plants, are so very minute and light, as not 
to 1 ) 1 ' singly attracted to the earth, if separated from those parts to which they 
‘‘'h'-ere, or with which they are in contact (like dust to a looking glass, turn it 
tipwards, or downwards, it will remain affi.xed to it), as these particles do to 
ilioso parts, until from thence removed by some agent. 

plant cannot separate these particles from the parts to which they adhere, 
'VI!, unit the assistance of water, which helps to loosen them. 

to the fineness of the pabulum of plants, it is not unlikely that roots may 
no grosser particles than those on which the colors of bodies depend; 

' •! discover the greatness of those corpuscles, Sir Isaac Newton thinks, will 
a microscope that with sufficient distinctness can represent objects five 
' *■ hundred times bigger than at a foot distance they appear to the naked 

,^?eneral, Jethro Tull taught that the soil particles are the food 
’ • Hilum) of plants, and that, if the soil were made sufficiently 
' hy cultivation, the plants could then absorb these fine particles 
^ ^ifth and produce large crops continuously. In answer to the 
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arguments of his critics that the agricultural practice of his lime 
was the result of long experience and consequently must be cor- 
rect, he expressed a fundamental truth in the following words: 

'‘The experience of 1700 years no more proves this practice to be riaht, 
than the long experience of cattle dra^ving by their tails proved that jiraciici- 
right, before drawing by traces was by experiment proved to be better; ioj 
nothing can be depended on as experience, which has not been tried by experi- 
ment.” 

He also classes himself with those who “ cannot believe that a 
man will become bald by being shaved at the wrong time of the 
moon, without more experience than has been made for it these 
1700 years past.” 

Another century passed, during which the humus theory ad- 
vanced by Thacr and others gained some recognition. The humus 
of the soil was held to be the source of carbon and carbonaccoiij 
matter for the plant. Humus and water were considered the only 
sources of plant food, and the productive power of the soil was 
believed to depend solely upon its humus content. 

In the “GeorgicaU Essays” (Edition of 1777) by Doctor .V 
Hunter, which also includes many essays or reports by other 
“ philosophical farmers,” we find the following interesting state- 
ments : 

“The ancient writers gave us excellent comments upon the husbandry oi 
their times. Hesiod wrote very early upon Agriculture. Mago, the Carthagin- 
ian general, composed twenty-eight books upon the same subject, which were 
translated by order of the Roman Senate. Upon these models Virgil formed 
his elegant precepts of husbandry. 

“ Cato, the Censor, wrote a volume upon Agriculture. Columella has left u: 
twelve books upon rural matters. Varro’s treatise will ever be esteemed, . 

“The celebrated Sully calls Agriculture one of the breasts from which the 
State must draw its nourishment. That great man could not possibly have 
given us a more happy simile. . . .” 

“Colbert entertained a different notion of policy. Esteeming manufacturotj 
and commerce as the sinews of the State, he gave all possible encouragement w 
the Artisan and the Merchant, but forgot that the manufacturer must cc.t hi^ 
bread at a moderate price. The farmer being discouraged, the necessane-s et 

'Georgical, like the proper namfe’George (Latin Georgius), meaning hu' > 
man or farmer, is derived from the Greek 7^ {ge-, as in geology), the earth, a - 
Kpyeiv {ergein, as in energy), to work. The Georgies of Virgil are poems yn 
cultural affairs. 
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1 lecamedear; the public granaries became ill stored ; manufactures lan- 
aiji.lied; commerce drooped; a numerous army soon consumed the scanty 
l;,irvest ; and, in a short time, Industry fell a sacrifice to the ill-judged policy of 
iiu' minister. 

•'I’romthat period to the present, the French nation have constantly laccn 
in iiling themselves of their mistake. Under the genial influence of the King, 
Soeiclies are erected in every province. INIcn of the first distinction do not dis- 
the cultivation of their own-lands. M. de Chateauvieux and Duliamel are 
I lie greatest ornaments of their country. — Let us imitate the virtues of that fash- 
i,)nal)lc nation. . . 

'■'riie art of husbandry boasts an origin coeval with the human race. Its 
age, Iwwever, seems to have contributed but little towards its advancement, 
heing at present extended but a few degrees beyond its primitive institution, 
rmil the philosopher condescends to direct the plow, Husbandry must remain 
in a torpid state. . . . 

“ I take it upon me to say, that, to be a good husbandman, it is necessary to 
lie a good chymist. Ch}miistry will teach him the best way to pre[)are nourisli- 
inent for his respective crops, and, in the most wonderful manner will expose 
the hitlden things of nature to his view. The princi[)les of Agriculture depend 
greatly upon chymistry; and without principles, what is art, and what is 
science? 

Directed byinstinct, the animal seeksitsown proper food ; but the vegetable, 
nut being possessed of the power of motion, must be satisfied with the nourish- 
ment we give it. T» direct this upon rational principles, is the busine.ss of the 
l)lulos()pher. The practical farmer will suffer himself to be instructed as soon 
as he perceives the practice correspond with the theory laid down to him. Let 
us e.xiiect no more of him. Men of limited education commit great errors when 
they attempt to reason upon science. In husbandry, effects are constantly 
:il'i)licd to improper causes. Hence proceed the errors of our common farmers. 
I "Overcome these is the peculiar province of the philosopher; who, in his turn, 
iinisi support his reasoning by facts and experiments. 

"I lay it down as a fundamental maxim, that all plants receive their ])rincii)al 
urnirishmcnt from oily particles incorporated with water, by means of an alka- 
li'w salt or absorbent earth. ... It may be asked, whence do natural .soils 
luvive their oily particles? I answer, the air supplies them. During the 
summer months, the atmosphere is full of putrid exhalations arising from the 
of dunghills, the perspiration of animals and smoke. Every shower 
t'nngs down these oleaginous particles for the nouri.shmcnt of plants.” 

rhe ingenious Mr. Tull, and others, have contended for earth’s being the 
*" ‘1 of plants. If so, all soils equally tilled would prove equally prolific. 

' er is thought, by some, to be the food of vegetables, when in reality it is only 
vehicle of nourishment.” 

After pointing out the great value of oil meals, rape cake, etc. 
e-nd later of fish scrap), for soil improvement, and after noting 
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that all seeds contain oil, and that hemp, rape, and flax (rich in oi!) 
are very exhaustive crops, Doctor Hunter adds, much to hi; 
credit as a scientist: 

*As I have not the vanity to think my experiments sufficiently conclusive 
I embrace this opportunity to request assistance of the practical farmer, in nrfler 
that the merits of the invention may he fully determined. Should my theory 
concerning the food of plants be thought erroneous, the compost (made in part 
of crude whale oil, ‘train oil’) will of course he disregarded. But, on the con- 
trary, should it be agreed to that oil, made miscible with water, constitutes the 
chief nourishment of vegetables, then the invention will probably become the 
subject of future experiment. 

“Though theory may direct our inquiries, yet experience must at last deter- 
mine our opinions, for which reason I propose to enlarge my experiments; anti 
as I have no other view but the investigation of the truth, I shall lay them faith- 
fully before the public, whether they prove successful or not.” 

Among the “ Gcorgical Essays,” the two reports which follow- 
are of special interest. The first bears upon the oil theory, and both 
show evidence of the search for truth, and indicate the approach- 
ing dawn of chemical science. The editor says that the 1777 edi- 
tion is a reprint, and that “ this volume contains several additional 
papers”; so it is not clear that Doctor Hunter knew of these 
experiments. 


“A Comparative View of Manures 
“ By A. Young, Esq. 

“ In the year 1 771 , 1 marked out a rood of land into divisions, and sowed them 
with oats. The variety of manures made use of in this experiment are marked 
as follows: 

Produce per Acre 


1. 40 cubical yards of farmyard compost, and dung ... 40 

2. 20 ditto . 51 I 

3. 10 ditto 45 0 

4. 10 ditto 46 I 

5. 10 loads of bones, each 40 bushels 63 i 

6. 20 ditto 57 0 

7. 200 bushels of lime 38 

8. 40 yards of chalk . . : 31 i 

g. No manure • .... 30 -I 

10. 80 yards of chalk ‘ 25 

11. 120 ditto 27 ^ 
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Produce per Acre 


N,v _ _ R. P. 

1 : 40 yards of chalk, earth mixed with train oil, six months ago, 

and often turned 33 qI 

[^,40 ditto, earth mixed with urine, four months ago, and 

often turned 37 * 2 

14, 40 ditto, earth alone 33 oi 

I V 40 ditto, earth from the farmyard ' 37 2 

i(x T 20 ditto, red gravelly loam 29 

i;. 160 ditto 31 I 


“ X.B. The season was remarkably dry, which circumstance certainly had a 
considerable effect upon the different crops.” 

“On Bones used as a Manure 
“By Anthony St. Leger, Esq. 

“During a long course of speculative and practical Agriculture, in which, 
with critical exactness, I employed myself in making experiments upon almost 
every kind of manure, I was fortunate enough to discover that bones are su- 
pi riorto all the manures made use of by the farmer. 

“ bight years ago I laid down to grass a large piece of very indifferent lime- 
stone land with a crop of com (Wheat, presumably); and, in order that the 
grass seeds might have a strong vegetation, 1 took care to sec it well dressed. 
From this piece I selected three roods of equal quality with the rest, and 
(iris.scdthem with bones broken very small, at the rate of sixty bushels peracre. 
Upm lands thus managed, the crop of corn was infinitely superior to the rest. 
The next year the grass was also superior, and has continued to ijrescrve the 
same superiority ever since, insomuch that in spring it is green throe weeks 
before the rest of the field. 

“This year I propose to plow up the field as the Festuca sylvatica (prye 
grass) has overpowered the grass seed originally sown. And here it will be 
proper to remark that, notwithstanding the species of grass is the natural [)rod- 
ru e of the soil, the three roods on which the bones were laid have hardly any 
"t it, but, on the contrary, have all along produced the finest grasses. 

■“Last year I dressed two acres with bones, in two different fields prepared 
“'•r turnips, sixty brnshcls to the acre, and had the pleasure to find the turnips 
greatly superior to the others managed in the common way. I have no doubt 
i ’It these two acres will preserve their superiority for many years to come, if I 
Ixt allowed to prognosticate from former experiments most carefully con- 
b’.'.cted. 

“I also dressed an acre of grass ground with bones last October (1774) and 
f ’lb d them in. The succeeding crop of hay was an exceeding good one. 
|i".vever, I found from repeated experience that, upon grass ground, this 
of manure exerts itself more powerfully the second year than the first. 

It must be obvious to every person, that the bones should be well broken 
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before they can be equally spread upon the land. No pieces should exceed 
the size of marbles. To perform this necessary operation, I would recommend 
the bones to be sufficiently bruised by putting them under a circular stone, which, 
being moved round upon its edge by means of a horse, in the manner that tan- 
nery grind their bark, will very expeditiously effect the purpose. At Sheftield 
it is now become a trade to grind bones for the use of the farmer. Some people 
break them small with hammers upoi> a piece of iron, but that method is in- 
ferior to grinding. To ascertain the comparative merit of ground and unground 
bones, I last year dressed two acres of turnips with large bones, in the same 
field where the ground ones were used; the result of this experiment was, that 
the unground material did not perform the least service; while those pans (d 
the field on which the ground bones were laid were greatly benefited. 

“I find that bones of all kinds will answer the purpose of a rich dressing, hut 
those of fat cattle I apprehend are the best. The London bones, as I am in- 
formed, undergo the action of boiling water, for which reason they must he 
much inferior to such as retain their oily parts; and this is another of the many 
proofs given in these essays that oil is the food of plants. The farmers in ihi.s 
neighborhood are become so fond of this kind of manure, that the price is now 
advanced to one .shilling and fourpence per bushel, and even at that price they 
send sixteen miles for it. 

“I have foqnd it a judicious practice to mix ashes with the bones; and tliis 
winter I have six acres of meadow land dressed with that compost. A cart 
load of ashes may be put to thirty or forty bushels of bones, and when they have 
heated for twenty-four hours (which may be known by the smoking of the hoa])) 
let the whole be turned. After laying ten days longer, this most excellent dress- 
ing will be fit for use.” 

In 1822, William Corbett, in his compilation of the writings of 
Jethro Tull, made the following statements: 

“Mr. Tull’s main principle is this, that tillage will supply the place of 
manure; and his own experience shows that a good crop of wheat, for any 
number of years, may be grown every year upon the same land without any 
manure from first to last.” 

“ Mr. Tull continued his wheat crops to the harvesting of the twelfth upon the 
same land without manure; and when he concluded his work, he had, as he in- 
forms us in a memorandum, the thirteenth crop coming on, likely to be very 
good.” 

It may be stated, however, that, after the time of Jethro Tull 
and before Corbett’s republication of the Tullian methods and 
theories, some truly scientific facts had been discovered. In fact . 
chemistry had begun to assume the character of an exact science. 
Priestly had discovered oxygen and also identified as oxygen the 
gas which others had previously observed is given off from the 
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Kavcs of plants under the influence of sunlight;^ Senebicr liad 
.hou n that the carbon of the plant is derived from the carbon dioxid 
of the air; and De Saussure had analyzed the ash of many plants, 
had shown that these ash constituents were derived from the soil, 
and that, though small in quantity as compared with the amount 
of material furnished to the plant by the air and water, the ash 
constituents were also essential to plant growth. 

De Saussure’s publication in 1804 of his “ Rcserches Chimique 
sur la Vegetation” gave to the world the first definite and approxi- 
mately correct statement concerning the rccjuircments and sources 
of plant food. While Davy’s lectures on Agricultural Chemistry 
il'irst published in 1813) did much to extend the existing knowledge, 
and the investigations of Bousingault and Lawes began to develop 
(about 1835), it remained for Liebig to bring together the work of 
all and present it in a more comprehensive form in his “Organic 
('hemistry in its Application to Agriculture and Physiology,” 
])iiblishcd in 1840. 

'I'hus, while Liebig is popularly known as the “Father of Agri- 
cultural Chemistry,” the more fundamental contributions to knowl- 
edge concerning soil fertility and ])lant growth have been made by 
Senedfier (of Switzerland), De Saussure (of France), Lawes and 
(iilbert (of England), and Hellriegel (of Germany), the last being 
the discovery (in 1886) of nitrogen fixation by the root-tubercle 
bacteria of legumes. 

Liebig devoted much effort toward the proof of his theory that 
the ammonia of the air is the source of nitrogen for plants; but 
in this he failed, and Lawes and Gilbert’s laboratory and held 
investigations at Rothamsted, which were in part planned for the 
purpose of disproving Liebig’s nitrogen theory, clearly established 
the fact that in the main the soil must furnish nitrogen as well as 
the mineral elements of plant food. 

The following quotations from Liebig’s writings are interesting; 
nnd they are also instructive, in that they well illustrate the weak- 
ness of drawing quantitative deductions and sj)ccific conclusions 
nom qualitative data and general observations. Thus wrote 
Liebig; 

’ Any one may observe the bubbles of oxygen formed upon fresh leaves placed 
-nder water in the sunlight. 
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“Let US picture to ourselves the condition of a well-cultured farm, so la!f;e 
as to be independent of assistance from other quarters. On thiaiextent of l;ni(] 
there is a certain quantity of nitrogen contained both in the com and fruit which 
it produces, and in the men and animals which feed upon them, and also in tliujr 
excrements. We shall suppose this quantity to be known. The land is culii- 
vated without the importation of any foreign substance containing nitrogen. 
Now, the products of this farm must be exchanged every year for money, and 
other necessaries of life, for bodies, therefore, which contain no nitrogen. A 
certain proportion of nitrogen is exported with corn and cattle; and this ex- 
portation takes place every year, without the smallest compensation; yet a fur 
a number of years, the quantity of nitrogen will be found to have increased. 
Whence, we may ask, comes this increase of nitrogen ? The nitrogen in the e.x- 
crements cannot reproduce itself, and the earth cannot yield it. Plants, and con- 
sequently animals, must, therefore, derive their nitrogen from the atmosphere. 

“The last products of the decay and putrefaction of animal bodies present 
themselves in two different forms. They are in the form of a combination of 
hydrogen and nitrogen, — aninionia, in the temperate and cold climates, and 
in that of a compound, containing oxygen, nitric acid, in the tropics and hot 
climates. The formation of the latter is preceded by the production of t!ie 
first. Ammonia is the last product of the putrefaction of animal bodies; nitric 
acid is the product of the transformation of ammonia. A generation of a 
thousand million men is renewed every thirty years: thousands of millions of 
animals cease to live and are reproduced in a much shorter period. Where is 
the nitrogen which they contained during life? There is no question wdheh 
can be answered with more positive certainty. All animal bodies, during their 
decay, yield the nitrogen, which they contain to the atmosphere, in the form of 
ammonia. Even in the bodies buried sixty feet underground in the church- 
yard of the Eglise des Innocens, at Paris, all the nitrogen contained in the adi- 
pocere was in the state of ammonia. Ammonia is the simplest of all the com- 
pounds of nitrogen ; and hydrogen is the element for which nitrogen possesses 
the most powerful affinity. 

“ The nitrogen of putrefied animals is contained in the atmosphere as ammonia 
in the form of a gas which is capable of entering into combination with carbonic 
acid, and of forming a volatile salt. Ammonia in its gaseous form as well as all 
its volatile compounds are of extreme solubility in water. Ammonia, there- 
fore, cannot remain long in the atmosphere, as every showier of rain must con- 
dense it, and', convey it to the surface of the earth. Hence, also, rain water 
must, at all times, contain ammonia, though not always in equal quantity. It 
must be greater in summer than in spring or in winter, .because the intervals 
of time between the showers are in summer greater; and when several wet da}s 
occur, the rain of the first must contain more of it than that of the second. 
The rain of a thunderstorm, after a long-protracted drought, ought for this 
reason to contain the greatest quantity, which is conveyed to the earth at one 
time. ...” 

“If a pound of rain water contain only one fourth of a grain of ammonia, 
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(hi 11 a field of 40,000 square feet must receive annually upwards of 80 lb. of 
;ur,inonia, or 65 lb. of nitrogen; for, by the observations of Schiiblcr, which 
rro fonnerly ^uded to, about 700,000 lb. of rain fall over this surface in four 
tr.oiiilis, and consequently the^annual fall must be 2,500,000 lb. This is much 
nil no nitrogen than is contained in the form of vegetable albumen and gluten, 
in 1650 lb. of wood, 280Q lb. of hay, or 200 cwt. of beet root, which are the 
\iarlv jtroduce of such a field, but it is less than the straw, roots, and grain of 
corn winch might grow on the same surface, would contain. 

"Ivxperiments, made in this laboratory (Giessen) with the greatest care and 
ixariness, have placed the presence of ammonia in rain water beyond all 
(l<nil)t. It has hitherto escaped observation, because no person thought of 
.‘Starching for it.‘ All the rain water employed in this inquiry was collected 
boo |)aces southwest of Giessen, whilst the wind was blowing in the direction of 
iiu' town. When several hundred pounds of it were distilled in a copper still, 
and the first two or three pounds evaporated with the addition of a little muriatic 
acid, IICl, a very distinct crystallization of sal-ammoniac (NIl^Cl) was ob- 
tained ; the crystals had always a brown or yellow color. 

‘'.\nimonia may likewise be always detected in snow water. Crystals of 
sal-ammoniac were obtained by evaporating in a vessel with muriatic acid 
se\cral pounds of snow, which were gathered from the surface of the ground in 
March, when the snow had a depth of 10 inches. Ammonia was set free from 
tlk'se crystals by the addition of hydrate of lime. The inferior layers of snow, 
wliicli rested upon the ground, contained a quantity decidedly greater than 
tho.se which formed the surface. 

■■ It is worthy of observation, that the ammonia contained in rain and snow 
water possesses an offensive smell of perspiration and animal e.xcrements, — 
a lact which leaves no doubt respecting its origin. . . .” 

“We find this nitrogen in the atmosphere, in rain water, and in all kinds of 
s"i!s, in the form of ammonia, as a product of the decay and putrefaction of pre- 
Ci (ling generations of animals and vegetables. We find, likewise, that the j)ro: 
l">rtion of azotized matters in plants is augmented by giving them a ]arg(;r 
■''iipply of ammonia conveyed in the form of animal manure. 

“No conclusion can then have a better foundation than this, that it is the 
liiiimonia of the atmosphere which furnishes nitrogen to plants.” 

As an average of 15 years, the total amount of nitrogen brought 
varth in rain and snow was found to be 3.97 pounds per acre per 
at Rothamsted. Other records, varying from 3 to 7 years, 
e shown 3.45 pounds per acre per annum on the Barbados 
J 'ands, 3.54 pounds in Britjsh Guiana, 3.69 pounds in Kansas, 

' 1-2 pounds in Utah, and 3.64 pounds in Mississippi; while the 
accords from Paris show 8.93 pounds, and those from Gcmbloux, 

' “ It has been discovered by Mr. Hayes in the rain water in Vermont.” — W. 
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Belgium, 9.20 pounds, both of which are doubtless influenced by 
the atmosphere from the cities with their numerous factories and 
other sources of pollution. ^ 

Professor Shutt reports 4.32 pounds of nitrogen per acre in one 
year’s precipitation at Ottawa, Canada, in 37.35 inches, of which 
3.24 pounds were found in 24.05 inches of rain and 1.08 pounds in 
13.3 inches of snow water (corresponding to about 133 inches of 
snow), the average composition being based upon analyses of 46 
samples of rain water and 32 samples of snow water. Of the nitro- 
gen found in rain water, 61 per cent existed in free ammonia, 22 
per cent in nitrate (and nitrite) form, and 17 per cent as organic 
nitrogen, the corresponding percentages for snow water being 56, 
34, and 10. 

Liebig also discussed very interestingly and, in the main, very 
erroneously, the reasons for the value of crop rotation. In 1840 
he wrote as follows: 

“Of all the views which have been adopted regarding the cause of the favor- 
able effects of the alternations of crops, that proposed by M. DecandoUe alone 
deserves to be mentioned as resting on a firm basis. 

“ DecandoUe supposes that the roots of plants imbibe soluble matter of every 
kind from the soil, and thus necessarily absorb a number of substances which 
are not adapted to the purposes of nutrition, and must subsequently be expelled 
by the roots, and returned to the soil as excrements. Now as excrements can- 
not be assimilated by the plant which ejected them, the more of these matters 
which the soil contains, the more unfertile must it be for plants of the same 
species. These excrementitious matters may, however, still be capable of as- 
similation by another kind of plants, which would thus remove from the soil, 
and render it again fertile for the first. And if the plants last grown also e.xijel 
substances from their roots, which can be appropriated as food by the former, 
they will improve the soil in two ways. 

“Now a great number of facts appear at first sight to give a high degree of 
probability to this view. Every gardener knows that a fruit tree cannot be 
made to grow on the same spot where another of the same species has stood; 
at least not until after a lapse of several years. Before new vine stocks are 
planted in a vineyard from which the old have been rooted out, other plants are 
cultivated on the soil for several years. In connection with this it has been ob- 
served, that several plants thrive best when growing beside one another; and, on 
the contrary, that others mutually prevent each other’s development. W'hcnco 
it was concluded, that the beneficial influence in the former case depended oir a 
mutual interchange of nutriment between the plants, and the injurious one in the 
latter on a poisonous action of the excrements of each on the other respectively. 
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■ A series of experiments by Macaire-Princcp gave great weight to tliis theory. 

I j, [ .roved beyond all doubt that many plants are capable of emitting extractive 
iiriiur from their roots. He found that the excretions were greater during 
tin, night than by day, and that the water in which plants of the family of the 
/,. ;Hnunos(E grew, acquired a brown color. Plants of the same species, placed 
in water impregnated with these excrements, were impeded in their growth, 
aiid faded prematurely, whilst, on the contrary, corn plants grew vigorously in 
it, and the color of the water diminished sensibly; so that it appeared, as if a 

laain quantity of the excrements of the Leguminosa had really been absorbed 
I IV the corn plants. . These experiments afforded as their main result, that the 
characters and properties of the excrements of different species of plants are 
(liiTerent from one another, and that some plants expel cxcrementitious matter 
of an acrid and resinous character; others mild (douce) substances resembling 
gum, The former of these, according to Macaire-Princcp, may be regarded 
as poisonous, the latter as nutritious. 

‘■The experiments of Macaire-Princep arc positive proof that the roots, prob- 
ahly of all plants, expel matters, which cannot be converted in their organism 
eitlier into woody fiber, starch, vegetable albumen, or gluten, since their cx- 
])ii!sion indicates that they are quite unfitted for this purpose. But they cannot 
1 k' considered as a confirmation of the theory of DccandoUc, for they leave it 
([iiiic undecided whether the substances were extracted from the soil, or formed 
by the plant itself from food from another source.’ It is certain that the 
gummy and resinous excrements observed by Macaire-Princcp could not have 
liven contained in the soil; and as we know that the carbon of a soil is not 
diminished by culture, but, on the contrary, increased, we must conclude 
that all excrements which contain carbon must be formed from the food oli- 
tained by plants from the atmosphere. Now, these excrements arc compounds, 
produced in consequence of the transformations of the food, and of the 
new forms which it assumes by entering into the composition of the various 
organs. 

‘■.1/. DecandoUe’s theory is properly a modification of an earlier hypothesis, 
'vhich supposed that the roots of different plants extracted different nutritive 
substances from the soil, each plant selecting that which was exactly suited for 
irs a.ssimilation. According to this hypothesis, the matters incapalile of as- 
similation are not extracted from the soil, whilst M. Dccandollc considers that 
bb V are returned to it in the form of excrements. Both views explain how it 
bippens that after corn, corn cannot be raised with advantage, nor after peas, 
Pvas; but they do not explain how a field is improved by lying fallow, and this 
in 1‘roportion to the care with which it is tilled and kept free from weeds; nor 
‘F they show how a soil gains carbonaceous matter by the cultivation of certain 
I'uuus, such as lucern and esparsette. 

‘ Theoretical considerations on the process of nutrition, as well as the ex- 
ptdcnce of all agriculturists, so beautifully illustrated by the experiments of 
lirc-Princep, leave no doubt that substances are excreted from the roots of 

pbnls. . . 
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“It is scarcely necessary to remark that this excrementitious matter must 
undergo a change before another season. During autumn and winter it begins 
to suffer a change from the influence of air and water; its putrefaction, and, at 
length, by continued contact with the air, which tillage is the means of procur- 
ing, its decay are effected; and at the commencement of spring it has become 
converted, either in whole or in part, into a substance which supplies the iplace 
of humus, by being a constant source of carbonic acid. 

“ The quickness with which this decay of the excrements of plants proceeds, 
depends on the composition of the soil, and on its greater or less porosity. It 
will take place very quickly in a calcareous soil; for the power of organic ex- 
crements to attract oxygen ^and to putrefy is increased by contact with the al- 
kaline constituents, and by the general porous nature of such kinds of soil, 
which freely permit the access of air. But it requires a longer time in heavy 
soils consisting of loam or clay. 

“The same plants can be cultivated with advantage on one soil after the 
second year, but in others not until the fifth or ninth, merely on account of tlic 
change and destruction of the excrements which have an injurious influence on 
the plants being completed in the one, in the second year; in the others, not 
until the ninth. 

“In some neighborhoods, clover will not thrive until the sixth year; in others 
not till the twelfth; flax in the second or third year. All this depends on the 
chemical nature of the soil; for it has been found by experience that in those 
districts where the intervals at which the same plants can be cultivated with 
advantage, are very long, the time cannot be shortened even by the use of the 
most powerful manures. The destruction of the peculiar excrements of one 
crop must have taken place before a new crop can be produced. 

“Flax, peas, clover, and even potatoes, are plants the excrements of wliich, 
in argillaceous soils, require the longest time for their conversion into hunuis; 
but it is evident, that the use of alkalies and burnt lime, or even small quaniiiivs 
of ashes which have been lixiviated, must enable a soil to permit the cultivation 
of the same plants in a much shorter time. 

“A soil lying fallow owes its early fertility, in part, to the destruction or con- 
version into humus of the excrements contained in it, which is effected during 
the fallow season, at the same time that the land is exposed to a further disinte- 
gration.” 

In the first American edition of Liebig’s book, published in 184I1 
Doctor John W. Webster, then Professor of Chemistry in Harvard 
University, inserted an appendix, in which he wrote as follows: 

“It should be stated that the accuracy of the experiments of Macaire-Princep 
adduced by the author (Liebig) is not generally admitted. Other chcnv^i^ 
have been unable to obtain similar results, or, if they do, are inclined to ascribe 
them to injury of the roots of the plants examined. Professor Lindley hn^ 
his notice of Liebig’s work remarked that he has no fixed opinion on the sva- 
ject, it being a question of facts and not of induction.” 
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J.icbig so emphasized the importance of the mineral plant food, 

established by De Saussure’s careful work, that it has ever since 
been referred to as “ Liebig’s mineral theory of plant nutrition.” 

In recent years, Whitney and Cameron have revived Decandolle’s 
theory of toxic excreta from plant roots, in support of another more 
radical theory announced by them, to the effect that soils do not 
w ear out or become depleted by cultivation and cropping. While 
this theory is advanced with no adequate foundation and in direct 
oj)])osition to practical experience and to so many known facts of 
mathematics, chemistry, and geology, tLat it is in itself quite 
unworthy of further consideration, the fact is that it has been pro- 
mulgated by Professor Whitney as Chief of the United States 
bureau of Soils, and by Doctor Cameron, as the chief chemist of the 
same Bureau; and, consequently, it cannot be ignored. 

Tlic author finds practically no support for these radical theories, 
either in the American Experiment Station bulletins or in the 
publications from the older scientific bureaus at Washington, 
such as the United States Geological Survey, the Bureau of Chem- 
ist ry, and the Bureau of Plant Industry; while they are directly 
conlrary to the teachings of all recognized European authorities, 
but even above any so-called authorities, we must recognize facts, 
if there are any, for an opinion contrary to the facts is of no per- 
manent value by whomsoever it may be held. 

rhe following statements from Whitney and Cameron will give 
a clear idea of the plain teachings of the Bureau of Soils, so far as 
represented by its leaders. 

bhus, on page 64 of Bulletin 22 of the Bureau of Soils, published 
Ijy Whitney and Cameron in 1903, we read; 

“ That practically all soils contain sufficient plant food for good crop yields, 
biat this supply will be indefinitely maintained,” etc. 

Again, on pages 21 and 22, Farmers’ Bulletin 257, published in 
we have the following definite statements from Professor 
^Vfiitney: 

"There is another way in which the fertility of the soil can be maintained, 
by arranging a system of rotation and growing each year a crop that is not 
k i ired by the excreta of the preceding crop; then when the time comes round 
i r ihe first crop to be planted again, the soil has had ample time to dispose of the 
- wage resulting from the growth of the plant two or three years before. This, I 
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think, is the basis or reason in many cases for our crop rotation, viz., that these 
excreted substances are not toxic alike for all plants, and the soil has time to 
recover its tone and cleanse itself. I have told you that barley will follow po- 
tatoes in the Rothamsted experiments after the potatoes have grown so long that 
the soil will not produce potatoes. The barley grows unaffected by the e.xcreta 
of the potatoes, another crop follows the barley, and the soil is then in condition 
to grow potatoes again.” 

Again in the report of the Hearings before the Committee on 
Agriculture of the United States House of Representatives, 
under date of January 28, 1908, page 428, we find the following 
statements by Professor Whitney: 

“The investigations of the Bureau of Soils, as to the cause of the deterioration 
of soils, and the causes that limit crop production, have changed the viewpoint 
of the entire world.” 

On pages 445-449 of the same publication, Doctor Cameron 
makes the following statements: 

“All soils contain practically all the common rock-forming minerals. Now, 
it is a principle of chemistry that when a solvent is brought in contact with a 
substance, that substance will go into solution until there is a state of equilib- 
rium between the quantity of the substance outside and inside; in other words 
we get a saturated solution. If these rock-forming minerals were in all soils, we 
should have the same solution in every soil, and that has been shown to be ilie 
case. There are various variations, due to absorption, perhaps, of the soil. 
In the first place, I must ask you gentlemen to remember that the soil and the 
plant and the water in the soil is moving. The soil grains are const:uuly 
moving, and the solution in the soil is constantly moving, and the growing 
plant is constantly moving. If a plant stops for a moment, it dies. The soil 
solution cannot stop for a moment, because it has to be moving all the time. 
When water falls on the soil, part of it runs off the surface, and part of it runs 
through the surface by gravitation and comes out in the subsoil, and part of 
it starts and rises as soon as we get sunlight on the surface, and this part comes 
up in films over and through the finer spaces, and is bringing with it dissolved 
material from below. 

“The water that falls and goes through down and out goes rapidly througb 
larger openings, and gets very little of the soluble material, because it is not loi'g 
in contact with the soil grains. It gets some by reason of the fact that, as we 
know, our springs and rivers and wells are all soil solutions, and carry mineral 
matter. Now, water rising by capillarity cannot get very concentrated be- 
cause it gets saturated with the minerals, and any excess that is contained isi it 
is thrown out, except in extreme conditions, as in the West, and then we get 
alkali conditions; but under ordinary humid conditions w^e cannot have an 
excess of it, and the soil solution is bringing materials from below which llie 
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pl v.il s'cts, and, as a matter of fact, the most important discovery of the Bureau 
of S.'ils in recent years is that plants are feeding on material from the subsoils, 
far below where the roots go.” 

Subsequent to this statement, the following dialogue is recorded: 

The Chairman. "When you say that all soils contain all the elements of 
plant food, and there is in those soils at all times a saturated solution of which 
all ilicse elements of plant food make a part, do you not practically say that all 
soils have all the plant food they need, and that it is at all times available for the 
plant ; or is it not available for the plant if it is in a saturated solution ?” 

Mr. Cameron. ‘‘Certainly, if there is water enough; if the soil is moist.” 

The Chairman. “Is it not therefore a justifiable inference from what you 
have said, that there is all the time in all soils enough plant food available for 
l)lant life?” 

.\Ir. Cameron. ‘‘True; perfectly true as regards mineral nutrients.” 

The Chairman. "Then I come back again to the question, why is it neces- 
sary, or is it in your judgment necessary, ever at any time to introduce fertiliz- 
ing material into any soil for the purpose of increasing the amount of plant food 
in that soil.” 

.\fr. Cameron. "Not in my judgment.” 

The Chairman. “Then in your judgment the only reason for the introduc- 
tion of fertilizers is for the antitoxic effect or the mechanical elTect they may htivo 
on the soil.” 

Mr. Cameron. "Mainly that, but there arc other functions of fertilizers that 
know comparatively little about. We know that certain kinds of life, 
bacteria, molds, can grow in certain solutions of salts, and cantiot in others. 
It may be that fertilizers affect them. But all that is an unexplored ftcid, and 
little is known about it. . . . If you will allow me to say one more word about 
fertilizers: What are fertilizers? What are the characteristics that a substance 
finist liave in order to be a fertilizer? It must be obtained in large quantities, 
h must also be cheap. Now, the substances which arc used as fertilizing mate- 
rih are substances which can be obtained in large quantities. They are sub- 
■'^^inces, and are the only substances, which we can get hold of that we can 
gv! in large quantities, that we can get cheaj), and with one exception — that Ls, 
chlorid — common salt. It has not been much used as a fertilizer, 
because it has not any so-called plant food in it ; and yet it has been used in quite 
a large number of experiments on quite a large scale, and wherever it has been 

d, it has generally been found to be quite a good fertilizer. In the investiga- 
!i'ins of the Bureau we have used pvrogallol. It contains no plant food, but 
ta'hon, hydrogen, and oxygen, yet, nevertheless, it is a powerful fertilizer; ‘ but 

' fhrector Wheeler of the Rhode Island Agricultural Experiment Station reported 

'b:e Graduate School of Agriculture held at Cornell University, July, 1908, that 
a 'borough investigation under field conditions at the Rhode Island StatU)n 
shover] practically no benefit from the use of pyrogallol as a fertilizer; whereas, 

' - O’' marked effects were produced bv manures and commerical fertilizers, — C.G.H. 
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cannot be obtained cheaply. It is worth over $2 a pound, and nobody would 
think of recommending it as a fertilizer, ...” 

“There has not been a publication on the subject of soil fertility goina out 
from the Bureau of Soils — and I think I can speak advisedly, for ever\ one 
has gone through my hands — in which we did not have the experimental })roo{ 
long before the publication went out, and that this is being recognized I tliink 
I can claim by the fact that a number of agricultural colleges in the country 
are using our bulletins as text-books. I have recently come from a lecture 
trip extending from Louisiana to Michigan, and I found everywhere that this 
is being taught, and, as I say, our publications are being used for text-books.” 

On page 5 of Farmers’ Bulletin 257, Professor Whitney makes 
the following statements: 

“I shall be glad, however, to speak of certain general features of the essential 
and broadly applicable laws of soil fertility that the Bureau of Soils, with its 
large force of field men and its large force of chemists and soil physicists, has 
investigated in the last twelve years. We think that as a result of this work 
we understand far more of the principles of soil fertility now than we ever have 
before, and I wish to give the results in words as simple as possible. You need 
not necessarily believe everything I say (because I cannot say truly that I 
believe everything myself, but only that our opinions seem reasonable deduc- 
tions).” 

In general, the soil fertility theories of Whitney and Cameron 
may be briefly summarized in the following statements, all of 
which arc direct quotations: 

1. “It appears further that practically all soils contain sufficient plant food 
for good crop yidds, that this supply will be indefinitely maintained, and that 
the actual yield of plants adapted to the soil depends mainly, und^r favoral)le 
climatic conditions, upon the cultural methods and suitable crop rotation." 

— Whitney and Cameron, in Bureau of Soils Bulletin 22, page 64. 

2. “In all soils there are rock particles or minerals containing phosphoric 
acid and potash, and in all the soil solutions that we have ever examined — 
and we have examined hundreds of them from all parts of the country — you 
will be astonished to learn that the composition and concentration of the sod 
moisture, which is the nutrient solution spread throughout the surfi'A'c 
soil of the earth for plants to grow in and to gather their food from, - 
you will be astonished to learn that the concentration of this soil moisture is 
sensibly the same whether we examine your sandy truck soils on your river nee’ s 
your sandy clay wheat soils on the uplands, the Hagerstown clay in the val! y 
of the Shenandoah, or the black prairie soils of the West. These minere's 
are contributing to the solution in which the plant feeds. As I have said, tho-e 
minerals are difficultly soluble, but they are appreciably soluble. They a ^ 
soluble enough to maintain a solution which is amply sufficient for the plants i ? 
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(Ta; iier their food from. All soils having, broadly speaking, all of these minerals 
ill liiem, have approximately the same composition in their soil moisture. 

■' This is a very astonishing fact, but, looked upon in the light of ourexperi- 
niviiis, it is an actual fact that all soils contain sufficient plant food for the sup- 
port of plants. Further, when the plant takes into its substance some of the 
iniiioral matter from the solution, the solid minerals in contact with the solution 
immediately dissolve, and the solution is restored to its former concentration. 
The exhaustion of the soil, therefore, is merely a relative phrase and resolves 
itself into the question of the rate at which the solution can recover itself. 
I may state to you that the rate is as fast on an acre planted in our ordinary crops 
as the demand made upon it by the plant.” 

— Whitney, in Farmers’ Bulletin 257, pages 10, ii. 

3. “It is not to be denied that plants will not infrequently do better when 
they are growing in a soil, a nutrient solution, or a soil solution many times 
stronger than they actually need. . . . 

“ If we take a plant and grow it in a water culture, the plant docs better if we 
have a solution containing several times more phosphorus and potash than it 
actually needs to feed on. Why it is we do not know, but granting that the plant 
(Iocs better in a solution stronger than it actually needs as a food, we still have 
a solution in the soil apparently strong enough for any need the plant may have. 

“ Now we come to a very interesting thing to the farmer. If soils have suffi- 
cient food for the needs of plants and if this supply is constantly maintained, as 
I say, by the solution of these minerals in the soil, then what is the function of 
fertilizers, and what do we mean by worn-out lands or exhausted lands ? . . . 
The chemical idea of the exhaustion of a soil is not logical in the light of the ex- 
perience which all of us have seen, that when fertilizers are applied, the soils are 
not always made immediately productive. You can go into many of the regions 
(if the worn-out soils of our Eastern states and reclaim those soils or make 
them prodlfctive, but not with any amount of fertilizers you can apply.” 

“ I should say that the soil ought to take care of the e.xcrement of plants. It 
i:; its business to do so. It is its proper function. Whether it does this through 
tile agency of bacteria, whether it is due to the abnormal absorptive power of 
thi soil or to direct oxidation, we do not know. It is probably due in part to 
tach. Take a natural soil, a prairie sod; the sanitary conditions in that soil 
arc almost perfect.” ‘ 

— Whitney, in Farmers’ Bulletin 257, pages ii, 12, and 15. 

4 “Apparently these small amounts of fertilizers we add to the soil have 
their effect upon these toxic substances and render the soil sweet and more 
b ilthful for growing plants. We'belicve that it is through this means that our 
f tilizers act rather than through the supplying of plant food to the plant.” 

— Whitney, in Farmers’ Bulletin 257, page 20. 

'■ See Table 70 for effect of plant food on permanent grass park more than 250 
' - irsold. — C. G. H. 
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5. “I have attempted to show you the way I believe fertilizers act and the 
reason we use them. I think that this is the way stable manure and green 
manures act. I think that is the principal office of nitrate of soda, potash, and 
phosphoric acid ; but they do not all act alike on the same soils. We are work- 
ing now on a soil in Iowa which with stable manure every time produces a 
smaller crop than without. . . . 

6. “There is another way in which the fertility of the soil can be maintained 
viz., by arranging a system of rotation and growing each year a crop that is nm 
•injured by the exxreta of the preceding crop; then when the time comes round 
for the first crop to be planted again, the soil has had ample time to dispose of 
the sewage resulting from the growth of the plant two or three years before.” 

— Whitney, in Farmers’ Bulletin 257, page 21. 

7. “The soil solution is bringing materials from below which the plant gets, 
and as a matter of fact the most important discovery of the Bureau of Soils in 
recent years is that plants are feeding on materials from the subsoils, far below 
where the roots go.” 

— Cameron, in the Hearings before the Committee on Agriculture of the 

United States House of Representatives, page 446 (1908). 

8. The Chairman. “Then I come back again to the question. Why is it 
necessary, or is it in your judgment necessary, ever at any time to introduce 
fertilizing material into any soil for the purpose of increasing the amount of 
plant food in that soil?” 

Mr. Cameron. “Not in my judgment.” 

— Hearings before the Committee on Agriculture of the United States House 

of Representatives, page 446 (1908). 

9. “In the truck soils of the Atlantic coast, where 10 or 15 tons of stable 
manure are annually applied to the acre, in the tobacco lands of Florida, and of 
the Connecticut Valley, where 2000 or 3000 pounds of high-grade fertilizers 
carrying 10 per cent of potash are used, even when these application have been 
continued year after year for a considerable jieriod of time, the mssolvec! salt 
content of the soil as shown by this method is not essentially different from that 
in surrounding fields that have been under extensive cultivation. 

“ In England and in Scotland it is customary to make an allowance to tenants 
giving up their farms for the urtused fertilizers applied in the previous seasons. 
The basis of this is usually taken from 30 to 50 per cent for the first year, and at 
10 to 20 per cent for the second year after application, but in the experience of 
this Bureau there is no such apparent continuous effect of fertilizers on the 
chemical constitution of the soil.” 

— Whitney and Cameron, in Bureau of Soils Bulletin 22, page 59 

The question may be asked if tlie plant food brought to the sur- 
face by capillary moisture in humid sections is greater than that 
lost by leaching. Compare, for example, the composition of the 
old prairie soil (gray silt loam) in the lower Illinoisan glaciation 
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and the more recent prairie soil (brown silt loam) of the late Wis- 
consin glaciation. Compare also the amounts in the surface and 
<ul)^oil (in 2 million pounds of each) of potassium or any other ele- 
ment which does not accumulate in plant residues. Note whether 
iJie calcium carbonate on Broadbalk and Hoos fields at Rothanisted 
is steadily accumulating at the surface. There are abundant sup- 
])lies in the subspil “ far below where the roots go.” Note the com-, 
plete absence of calcium carbonate in very many Illinois soils. 
(See also Tables 4, 5, and 21 in the preceding pages.) 

Attention is called to the fact that nitrification is a [irocess of 
biochemical action and not one of mere solution. Director Hall 
of (he Rothamsted Experiment Station makes the following 
statement in his “Fertilizers and Alanures” (1909), jiagc 288. 

“When the Rothamsted soils, with their long-continued dilToroncos in 
fertilizer treatment, are extracted with water charged with carlxin dioxide — 
ihr nearest laboratory equivalent to the actual soil water — the amount of 
phosphcyic acid going into solution is closely proportional to the previous 
fertilizer supply, and this proportionality is maintained if the extraction is 
repeated with fresh solvent, as must be the case in the soil.” 

It should be kept in mind, of course, that a one-crop system 
followed year after year upon the same land usually encourages the 
growth of certain weeds whose “ habits ” are similar to those of 
the crop grown, that it also tends toward the breeding of insect 
enemies and to the development of fungous diseases peculiar to 
that crop;* such as “ flax sickness,” investigated by the North Da- 
kota Experiment Station, and “ clover sickness,” which has long 
been thought to be an actual fact in practical agriculture, concern- 
ing which the Tennessee Station has recently reported some [)rom- 
i'ing results. The legume plants appear to be especially susce[)- 
tit)lc to such fungous diseases, the cowpea wilt being well known, 
“ bean-sick ” soil is a common expression. It seems probable 
dnit bacterial as well as fungous diseases may develop under suit- 
conditions. 

While it is possible that inanimate toxic substances may also 
i" formed in the soil from possible plant excreta, or less improb- 
'f'dy from the decomposition of the crop residues, there is no knowl- 
‘ 'ge or evidence sufficient, in the author’s opinion, to justify a 
dieory that fertilizers act primarily as antitoxins. It should be 
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remembered that well-fed plants are usually better able to resist 
or overcome the attacks of insects and diseases. It is well known 
that there are some exudations from germinating seeds, and it 
seems evident that water used repeatedly for 20-day cultures with 
seedling plants becomes stagnant, putrid, or toxic, but can we 
correlate this with field conditions?- 

Alkaline slag phosphate, acidulated rock phosphate, neutral 
beamed bone meal, and insoluble raw rock phosphate are \erv 
different chemical substances, and the very complete data alreadv 
presented show that any one of these forms of phosphorus may be 
used to increase crop yields. Sodium nitrate, ammonium sulfate, 
and dried blood are exceedingly different substances, but they all 
contain nitrogen, and where nitrogen is deficient in the soil, any 
one of these materials will benefit the crop. Moreover, with legume 
plants, essentially the same results are secured whether nitrogen is 
supplied in dried blood or provided by the nitrogen-fixing bacteria 
without fertilizer application. 

It may be noted that while Whitney and Cameron in Bulletin 22 
(1903), of the Bureau of Soils, included nitrogen as distinctly as 
phosphorus, potassium, and calcium, as being contained in prac- 
tically all soils in an ample supply which “ will be indefinitely 
maintained,” and while Professor Whitney also asserts, in Farmers’ 
Bulletin 257 (1906), that the correction of toxic substances is 
“ the principal office of nitrate of soda, potash, and phosphoric 
acid,” and while Cameron admits in the Hearings before .the Com- 
mittee on Agriculture (1908) that it is never necessary at any time 
to introduce fertilizing material into any soil for the purpose of 
increasing the amount of plant food in that soil; neverthelc.^s, 
Whitney and Cameron are beginning to qualify their theories 1 )}' 
saying “ mineral elements ” or “ mineral plant food,” presumably 
because the mathematical opposition is too strong, considering 
that the soil contains but very small amounts of nitrogen “ far 
below where the roots go.” 

On December 9, 1908, the National Conservation Commission 
presented its report (prepared for the President) to the Conference 
of Governors and State Conservation Commissioners assemble 1 
in Washington, in which great emphasis was laid upon the impor- 
tance of conserving the supply of natural phosphates, as a result 
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of which the President soon afterward withdrew from entry the re- 
maining government lands that were known to contain phosphate 
deposits, acting upon the advice of the United States Geological 
Survey and the National Conservation Commission; while on 
pufcmber 10, 1908, the daily press of the country, very generally 
])uljlished a Washington dispatch headed “ Soil Won’t Wear 
Or ra’ in wh-ich Professor Whitney was credited with the following 
statements: 

“There is a general impression among economists that soil fertility is dcclin- 
inif through loss of mineral plant food, but the Bureau of Soils, through the 
extensive soil surveys and investigations made in the laboratories and from the 
stmlv of world-wide records, has determined that this impression of the decline 
of soil fertility is erroneous. 

‘Tl is not unreasonable to expect that as this country becomes more thickly 
settled and our people are forced to cultivate smaller areas, with more intelli- 
Ltent and more intensive methods, the actual amount of crops obtained from 
tlu' land now in crops can be increased two and one half times over what we 
are now producing. 

‘■But the amount of land in crops is only about one fourth of the amount in 
farms. Applying this ratio to the whole amount in farms, it is apparent that 
the land in farms at present can be expected to produce in time something like 
ten or twelve times the amount of crops that arc now produced on thc.se farms. 

“So far as the present outlook is concerned, the nation possesses ample 
re.sources in its soils for any conceivable increase in population for several 
centuries. 

‘ The Bureau of Soils finds that the decline in yield is due generally to the 
accumulation of organic products in the soil wdiich are not eliminaterl through 
proper cultural methods as fast as they have accumulated, and that the failures 
that are reported arc, therefore, due to improper methods of cultivation and 
cnip rotation. 

“Our own government statistics show that during the last forty years the 
yields per acre of all our cereal crops have shown a tendency to increase. Statj.s- 
lics of all the European countries show that the yields in recent years have con- 
^isicntly increased.” 

Uf course this press dispatch would not be quoted here except 
liiat it is in strict accord with the persistent teaching of Whitney 
and Cameron, which will be found of greatest interest for compari- 
^' ■n with that of Jethro Tull or Doctor Hunter, and with Liebig’s 
^”^rogen theory. 

Since the above was written, Bulletin 55 of the Bureau of Soils, 
' ^oils of the United States,” by Milton Whitney, has been pub- 
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lished (February, 1909), from which the following statements are 
quoted: 

“The soil is the one indestructible, immutable asset that the nation possesses 
It is the one resource that cannot be exhausted; that cannot be used up. The 
general conception of the exhaustion of soils is that the crop removes plant food, 
and that unless we return some considerable portion of plant food to the soil it 
eventually becomes incapable of longer producing adequate crops. We quoic 
from a recent article ih one of the agricultural journals: 

“ ‘We have warned our readers for the last ten years of what is cominif if 
they continue to grow grain crops and sell them off the farm continuously from 
year to year. . . . Don’t imagine for one minute that your soils are of inexhaust- 
ible fertility. No such soils were ever made in the Western Hemisphere, excej)!, 
perhaps, such as are enriched by overflow every three or four years.’ 

“The impression prevails that our crops take out phosphoric acid, potash, 
and nitrates to such an extent that the soil becomes incapable of longer supply- 
ing these plant-food constituents for a satisfactory yield.” 

“As we see it now, the main cause of infertile soils or the deterioration of 
soils is the improper sanitary conditions originally present in the soil or arisini; 
from our injudicious culture and rotation of crops. It is, of course, exceediiij^ly 
di fficult to work out the principles which govern the proper rotation for any par- 
ticular soil} 

“The important thing is that we now understand the nature of the soil; how 
it supplies the nutrient constituents for the crops and how it maintains the stippl} ; 
how crops may affect each other when grown in succession on the soil; how cul- 
tivation affects the conditions resulting from the crop, and, lastly, we are begin- 
ning to understand how fertilizers come into this scheme and themselves act on 
or change toxic conditions in the soil, rendering the soil again sweet and 
healthy for the growing crop.” 

“It has been shown that in southern Maryland and in middle Virginia the 
cause of the recent depression in agriculture and of the low yield of crops is due 
to methods which have prevailed rather than to any exhaustion of the soil, 
and that with improved methods these areas are coming up and will again he 
made to produce satisfactory crops. The soils are not wearing out in the sense 
that they are unable longer to provide mineral nutrients, but the yields are low 
because through the prevailing methods the soils have not been maintained in 
proper condition. In these latter instances the jdelds have actually declincil, 
but not from the cause which has been generally ascribed. 

“It has been shown that from the modern conception of the nature and pur- 
pose of the soil it is evident that it cannot wear out, that so far as the minen.l 
food is concerned, it will continue automatically to supply adequate quantiti. s 
of the mineral plant foods for crops, but it has also been shown that the st il 
can be abused and its fertility temporarily impaired by improper methods ut 
handling. 


‘ Italics mine.— C. G. H. 
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Lastly, it has been shown from the statistics of European countries that tiic 
:;nils of the world are not wearing out, but that, on the contrary, after a thousand 
w.xrs of cultivation, with the introduction of better methods, with the necessity 
(if raising larger crops, these soils are responding with an increased yield even 
o\ cr what they produced at the beginning of the last century. 

■ As a national asset the soil is safe as a means of feeding mankind for untold 
rme.s to come. So far as our investigations show, the soil will not be exhausted 
Ilf any one or all of its mineral plant-food constituents. If the coal and iron 
.rive out, as it is predicted that they will before long, the soil can be depended on 
tn furnish food, light, heat, and habitation not only for the present pojtulation, 
hut lor an enormously larger population than the world has at present.” 

'Ehis general outline of soil-fertility theories has been introduced 
at this point in order that the reader may note their application 
in the following pages; and it is hoped that the ])receding and suc- 
ceeding data are sufficient to enable him to form liis own opinion. 

It is well to keep in mind a few general facts: c.g., that the total 
corn acreage of Rhode Island and Connecticut combined averages 
less than three townships (about one sixth of one average Illinois 
county, of which there are 102); that the total corn acreage of 
Maine, New Hampshire, Vermont, Mas.sachusetts, Connecticut, 
Rhode Island, New York, New Jersey, Pennsylvania, Delaware, 
and Maryland, all combined, is less than the average corn acreage 
of Georgia, whose ten-year average yield is 1 1 bushels per acre, 
and less than one half the corn acreage of Illinois; that Illinois 
produces the same amount of corn per annum as the aggregate 
production of the six New England states, the six Middle 
•Mlantic states, and the six South Atlantic and Gulf states — 
eighteen in all — extending from IMaine to the mouth of the 
Mississippi, although Georgia, one of these states, is larger than 
Illinois; that during the last ten years the average corn acreage 
of Illinois has been increased from 7 million to 10 million acres 
l»y putting under cultivation old blue-grass pastures and drained 
''''■amp areas representing the richest soil of the state; that in the 
hastern states manure, made in part from food stulHs shipped 
the newer states, is worth about S2 a ton; that level 
f'" gently undulating farm lands in Maryland and Virginia sell 
less than $5 an acre, while those of Illinois and Iowa are 
■ orth Sioo or $200; that, while England produces 32 bushels of 
■heat per acre with a total production of 50 million bushels, 
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England imports 200 million bushels of wheat, 100 million bushels 
of corn, nearly a billion pounds of oil cake, and much phospiiuie 
and other fertilizing material; that Germany produces 125 
million bushels of wheat, and in addition imports 75 million 
bushels of wheat, 40 million bushels of com, a billion pounds 
of oil cake, and much phosphate, etc., and that Germany’s cliief 
export is 2 billion pounds of sugar (C12H22O11); that Den- 
mark produces 4 million bushels of wheat, imports 5 million 
bushels of wheat, 15 million bushels of com, 800 million pounds 
of oil cake, phosphates, etc., and exports 175 million pounds of 
butter; that Belgium produces 12 million bushels of wheat and 
imports 60 million bushels, etc. 

It is interesting also to keep in mind the following statement^ ])y 
Doctor Bernard Dyer in his American lectures on “ Results of 
Investigations on the Rothamsted Soils,” in connection with his 
discussion of the Broadbalk wheat plot that has received an annual 
application of 15.7 tons of farm manure since 1844: 

“It is to be borne in mind, however, that the quantity of dung used in these 
continuous wheat-growing experiments is, on the yearly average, far less tlian 
would be used in practical agriculture on any of the rotation systems.” 

As early as 1855, England was importing annually more than 
200,000 tons of guano from the west coast of South America and 
from the islands of the sea. The guanos vary in composition from 
about 1 5 per cent of nitrogen and 5 per cent of phosphorus to loss 
than I per cent of nitrogen and more than 15 per cent of phosphorus. 

Aikman writes in “Manures and the Principles of Manuring" 
(1894) as follows concerning the use of bones in England: 

“ Employed first in 1774, their use has steadily increased ever since, and tlicir 
popularity as a phosphatic manure is among farmers in this country quite un- 
rivaled. . . . Soon their use became so popular that the home supply was found 
inadequate. . . . Solargely were they used by English farmers that Baron Lie' )ig 
considered it necessary to raise a warning protest against their lavish applu a- 
cation ; ‘ England is robbing all other countries of the condition of their fertiluy 
Already in her eagerness for bones she has turned up the battlefields of Leip; uJ- 
of Waterloo, and of the Crimea; already from the catacombs of Sicily has 
carried away the skeletons of many successive generations. Annually 
recovers from the shores of other countries to her own the manurial equival. ut 
of three millions and a half of men.’ ” 

^ Page 50, Bulletin 106, Office of Experiment Stations, United States Depart- 
ment of Agriculture. 
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Aikman states that at the present time about 100,000 tons of 
bones are used annually on English soils, and that bone ash is 
still imported from South America. The East Indians complain 
that England has fobbed India of bones. 

The importation of mineral phosphates into England exceeded 
2;o.ooo tons in 1885, when more than a dozen countries were being 
drawn upon for this material, representing three continents and 
Australia; and as early as 1892 the United States was furnishing 
tlrcat Britain more than 200,000 tons of phosphate a year. 

Besides this, England has her own phosphate deposits in the form 
of coprolites or phosphatic nodules, which, according to Aikman, 

• have been found in great abundance in the greensand formation, 
in the crag of the eastern counties, and in the chalk formations of 
the southern counties.” He adds: 

‘■They are found in large quantities in Cambridgeshire. . . . They were also 
found in enormous quantities in SulTolk, Norfolk, Bedfordshire, and Essex, 
and were for a long time largely used in the manufacture of supcrphosjdtatc 
lucid phosphate), but of late years have not been used to anything like the same 
c.Nicnt, owing to the fact that there are richer and cheaper sources of phosphate 
of lime available.” 

In addition to all this, England produces and supplies to her 
soils large quantities of slag phosjthate, the amount of which ex- 
ceeficd 100,000 tons a year before the close of the last century, 
and her annual production has since risen to 300,000 tons i)er 
annum. 

France, Germany, and other small European countries arc not 
far behind England in the matter of increasing the fertility of their 
i^eils. By 1890 France was using about 400,000 tons of phosphate 
annually, and this was supplemented by slag phosphate, the amount 
ol which exceeded 200,000 tons in 1899, while Germany applied 
hoo.ooo tons of slag phosphate to her soils the .same year. The 
a ! plication of phosphates to the soils of Europe has largely in- 
creased during the years of The present century. Thus, in 1907, 
Ifaly, with a total area of less than 115,000 square miles (about 
^ ice as large as Illinois), used 950,000 metric tons of phosphate 

■iso 82,000 tons of nitrogen fertilizer, and 7000 tons of potassium 
' ■Its; and during the five years, 1904 to 1908, more than i\ 
inillion long tons of Florida phosphate were shipped to Germany. 
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Since the promulgation of much definite knowledge during the 
first half of the last century, by such teachers as De Saussure, Dav\-, 
Bousingault, Liebig, and Lawes and Gilbert, the increasing ap])li- 
cations of phosphates, manures made in part from imported food 
stuffs, and other fertilizing materials, including more or less jto- 
tassium salts and nitrates, and in more recent years a larger use of 
legumes, are found to bear fruit in the corresponding increase in 
the crop yields of western Europe, as will be seen from the follow- 
ing crop statistics, compiled by Professor Wilhelm Kellcrman 
{Landwirtschaftliches Jahrbuch, 1906, page 289) and republished 
by the United States Bureau of Soils (Bulletin 55) for the purpose 
of showing that soils do not wear out. 

The data from Schmatzfcld are of interest because of the old 
records, but they appear to represent in the main single years, 
and impart selected years. Even the tenth- year records from 1830 
to 1870 may signify but little. Thus the rye and oats for 1870 
average less than for 1830. The late averages arc, of course, ^■cry 
significant. 

The Trebsen records have much value because they include 
several 10- year averages which show no advancement prior to the 
publication of Dc Saussure’s work, which gave to the world the 

Yields of Cereals in Schmatzfeld, Germany 


Year 

Wheat 

(Bu.) 

Rye 

iBu.) 

Barley 

(Bu.) 

Oats 

(Bu.) 

1552-1557 

12.5 

13.2 

14.2 

14.8 

1660 

— 

12.8 

8-3 

12.3 

1670 

14.6 

17.2 

16.I ' 

17,4 

1822 

18.7 

24-3 

33-7 

26.2 

1825 

18.1 

20.0 

28.1 

32'5 

1830 

18.7 

21.2 

35-6 ; 

46.2 

1840 

25.6 

30.0 

31-6 1 

45-5 

1850 

28.7 

' 33- T 

39-3 

50.1 

i860 

35-3 

39-3 

32.9 1 

62.9 

1870 

27.6 

20.4 

45-8 

46.6 

1886 

37-9 

28.9 

43-2 1 

66.6 

1887-1896 

40.0 

29.6 

47.6 1 

59-7 

1897-1904 

46.1 

340 

50'4 ! 

69.1 
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Yields of Cereals on Rittergut Trersen, near Lf.ip/ic 


Yf.ar 

Wheat 

Rye 

B \K 1 .EV 

Gats 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

1;'''’ * 775 

13-25 

12-33 

21.71 

23.48 

* 7^^5 

16.63 

I-I -47 

20.44 

23-45 

i;'*) 1795 

13.98 

13-67 

16.77 

19.16 

];.;() -1800 

13.89 

15-36 

15.16 

17.90 

lsn-1816 

15.28 

15.68 

25-4T 

25.72 

]SjO'I822 

16.90 

19.14 

18.28 

26.36 

l > 2 - ylS 34 

21.04 

21.63 

30-19 

31-83 

iS;^-i844 

3340 

27.92 

36.66 

46-54 

1S45-1S49 

25-51 

28.75 

— 

56.25 

1SS5-1892 

27.03 

2^.06 

30-95 

44.64 

iS<)^i894 

29.85 

28.36 

30-95 

54-74 

iSq:; 1899 

35-85 

30-45 

35-39 

51-15 

i()00-i904 

36.14 

32.52 

43-23 

57-80 

Yields of Cereals on another German Instate 


iSoo 1810 

21. 15 

T4.64 

19.80 

17.22 

1810-1820 

20.02 

11.76 

20.92 

13-44 

1820-1830 

23-25 

17.76 

21.29 

14.84 

1 8 ^0-1840 

18.82 

15.04 

*6.37 

13.86 

1840-1850 

23.10 

19.84 

20.83 

27-58 

18^0-1855 

26.40 

25.12 

32-75 

33-46 

18^^-1860 

25-27 

24.16 

27.71 

34-44 

1860-1865 

29.77 

30.48 

37-‘\5 

44-52 

186^-1870 

27-45 

26.48 

36. 1 7 

55-72 

1870-1875 

29.92 

28.32 

35 - 7 * 

51-38 

187^ -1880 

28.12 

24.32 

29.38 

39-48 

18S0-1885 

25-57 

25.12 

36-15 

45.08 



35-70 

29.52 

41.06 

43-96 


Average Yields of Ckricals in Germany 


1Y1-1885 

21-75 ! 

1S.56 

29.07 

36-96 

*>86-1890 

22.65 

19.04 

29.07 ! 

40.42 

'"*'1-1895 

24.30 1 

21.28 

31-54 ^ 

40.88 

*8i;6-I900 . . . 

26.55 

23.04 

32-49 : 

■ 15-08 

Average Yields of Cereals in France 


i>i5 

-1824 

11.86 

10. 10 

14-45 

17.12 

*''2 

-*834 

13-44 

*2.. 34 

14.64 

17.78 

*''( 

-1844 

14-30 

13.01 

15.92 

20.10 

!>• 

-1864 

15-90 

14.11 

19.90 

24-93 

I ''6 

-1874 

15.81 

14-65 

19-75 

24.49 

*"7 

-1876 

16.60 

15-71 

19.00 

23.61 
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first definite information which could serve as a scientific 1)as|;; 
for systems of soil improvement. The few records from i8co to 
1825 arc of little or no value, but the averages from 1825 to 1834 
show very clearly the application of definite knowledge as com- 
pared with the averages previous to 1800; while the further marked 
increase for the ten years ending 1844 clearly shows that the tcacli- 
ings of Davy, Bousingault, and Liebig were being applied on the 
Trebsen estate as well as by Sir John Lawes at Rothamsted. 

The most satisfactory data are from the third German estate, 
showing lo-ycar or 5-year averages for practically all of the last 
century, from which it is plain to see that the first' distinct increases 
date from the publication of Liebig’s teachings in 1840. 

While the larger private estates would perhaps be the first to 
adopt the teachings of science, the records show general increases 
for bftth Germany and France. The average yields of wheat of 
late years for England, Germany, and France arc 32.2, 28.0, and 
19.8 bushels per acre, respectively, or, as a general average, al,)()i!t 
double the average of 100 years ago. It is safe to credit this in- 
crease very largely to the use of plant food, including the more 
general use of atmospheric nitrogen by legume crops during the 
last quarter century. The average yield of wheat in the United 
States is 13.7 bushels for the ten years, 1899 to 1908, 

A second factor^ of much importance in crop improvement, 
though very subordinate to that of plant food, is the improvement 
in seed by selection and breeding. A German economist has esti- 
mated that, as an average, seed improvement has produced a 
gain of 25 per cent. In exceptional cases, as with the sugar beet, 
very remarkable progress has been made by breeding, the average 
sugar content of the beet having been raised from about 4 per cent 
to 12 per cent or more. 

The following extracts from an address by President Creelm m. 
of the Ontario Agricultural College, to the Ontario Agricultural 
and Experimental Union, December, 1908, is well worthy of care- 
ful consideration (Report for 1908, page 62) : 


'• Other factors of improvement are of doubtful consequence, including correc- 
tion of toxic bodies. Tillage and crop-rotation have been the rule for centurie- I'i 
old countries. Isolation of such bodies signifies little. The soil is earth’s wa c- 
basket, wherein we may find almost every substmee, toxic or nontoxic. 
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“ Some Observations of Farming in Southern Europe 


“Italy has been practicing the art of agriculture since the early, early days 
,)l the old, old civilization, hundreds of years before the Christian era began, 
and agriculture is still the most important industry in Italy, as 85 per cent of all 
tlu' Italian soil is productive land. Dairying is not one of the leading lines, 
however, nor is any other kind of stock raising. Oxen and asses arc still the 
principal beasts of burden, and wine the largest crop. 

“And yet, the agricultural products of Italy are varied, and in the aggregate 
amount to a very large total. Remember that Italy is only twice the size of the 
Stale of New York, and you will realize that not much land is wasted when the 
following crops are produced annually: 


Wlicat . . . . 

Corn 

Oats 

Rye and barley . 

Rice 

Other cereals 
Total cereals 

Potatoes . . . 
Hemp . . . . 


Cotton , 
Tobacco 
Olive oil 
^\'ine . 


143.400.000 bushels 

85.600.000 bushels 
ig, 360,000 bushels 

18.400.000 bushels 

26.000. 000^ bushels 
.18,000,000 bushels 

310.760.000 bushels 

19.360.000 bushels 
n 1,000,000 pounds 

30.000. 000 pounds 

22.000. 000 pounds 

7,250,000 pounds 

74.500.000 gallons 

666,000,000 gallons 


‘■But, like the Swiss and the French, the peasant people arc a frugal, thrifty 
race; and while the rich eat wheat bread, the work-people arc content with 
lacjid made from corn or rye. 

"Legumes everywhere. In looking about to find how the fertility of the 
•S' til was maintained, in districts where live stock was not common, and hence 
farm manure was far from plentiful, I noticed that everywhere leguminous crops 
('■r i)ulse) were the rule. I also discovered that in some form it was eaten every 
‘‘ >y by rich and poor alike. All the time I was in Italy I never once .sat down 
tt a dinner without being served with peas or l;cans or lentils, or some other 
vancty of leguminous annual. I found also that the [)oorer clas.ses consume 
hrge quantities of pulse, it being used to a large extent as a substitute for meat.” 

The increases in these European crop yields since about 1825 to 
' should be a most effective object-lc.sson to the American farmer 
‘ go and do likewise and if he will talk with any man who 
^ ‘-'5 had experience in western European agriculture during the 
^ N quarter century, he will promptly receive the positive a.ssur- 
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ance that no successful farmer in those countries thinks of trying 
to farm without liberal applications of plant food, especially of 
phosphate fertilizers, and, as a rule, either farm manure or green 
manure. Often commercial nitrogen and potassium arc also 
used, in part because of the very high value of farm produce and 
also because of the low price of potassium salts, Germany’s su]}plv 
of which is estimated to be sufficient to meet the present con- 
sumption of the world for 190,000 years. 

In comparison with these European records, marked contrast 
appears in the average crop yields of the state of Kansas during 
48 years. Professor W. J. Spillman, of the United States Bureau 
of Plant Industry, has called attention to these statistics in the 
following words: 

“The following table of figures is interesting: 


“ Yields per Acre — Average jor State or Kansas 


Crop 

1860-1889 1 

(nu.) 

i88g-ioo8 

(Bu.) 

Decrease 
(P er Cent) 

Corn 

34-2 

21.6 

36'9 

Wheat 

15-3 

II.8 

22.8 

Oats 

32.8 

21.9 

32.2 


“These figures are in general agreement with data collected from other 
sections of this country. When rich virgin soil is brought into cultivation and 
farmed without any reference to the conservation of fertility, good yields arc 
obtained for about forty years. Then begins a decline, and the yield ultimately 
sinks down to a point where there is no profit for the farmer. ... In the case 
of each of the three crops above mentioned the average yield for the past nine 
years is slightly greater than for the preceding ten years. This indicates that the 
Kansas farmer is slowly but surely improving his system of farming. Dairying 
and the feeding of beef cattle, also hay raising are becoming more prevalent, 
and there is every reason to believe that before another generation has passed 
the Kansas farmer will have rehabilitated his soil and have developed suitable 
systems of farming that will keep Kansas near the forefront in agriculture.' 
{Hoard’s Dairyman, May 14, 1909.) 

While the average yields are probably approximately correct 
and the results are exceedingly striking, in the author’s opinion 
these Kansas results have little significance, because of the enor- 
mous increase and westward extension of the area put under ciil- 
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tivation in Kansas during the fifty years, as briefly indicated by 
the following tenth-year records: 


Acreage of Cereals in Kansas 


Year 

Corn 

Wheat 

Oats 


170365 

360388 

2405482 

6993207 

7237601 

7057535 

9360 

9S525 

1730812 

I120119 

4624731 

6939351 

2936 

9880 

444191 

1656814 

1054900 

831159 


When we consider that eastern Kansas, the part first settled, 
is in the humid section of the United States, and that the later 
years include the records from the central and western [larts of 
the state where semiarid conditions prevail, it will be seen that the 
average yields computed by Professor Spillman may serve best to 
illustrate the possibility of drawing erroneous conclusions from the 
use of general statistics unless full consideration is given to all 
important factors. The explanation for the slight increase in the 
average yields of the last nine years'of the period, as compared 
with the preceding ten years, is very possibly to be found in the 
increased rainfall in the semiarid region, as is well illustrated by 
the very interesting and very instructive diagram (shown on an- 
other page) of the rainfall record at North Platte, Nebraska, for 
tlic thirty-four years, 1875 to 1908 (Nebraska Bulletin 109, April, 
^'Pq), from which it will be seen that the ten years, 1890 to 1899, 
included eight years below normal and averaged only 15.35 inches, 
'''hilc the following nine years, 1900 to 1908, show but three years 
Uiow normal, and average 21.21 inches. 

It should be kept in mind that meat and dairy products bring 
•niich larger returns in Maryland than in Kansas, and until the 
'■vll-situated, well-drained, and well-watered farm lands of Mary- 
I ’nd and Virginia have been rehabilitated by these methods of 
I‘vo-stock farming (which farmers have been familiar with for 
centuries) ; until such soils as the Leonardtown loam, comprising 
T per cent of St. Mary County, Maryland, where, to quote the 
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language of the Bureau of Soils, “ it is worth from $i to $3 an acre,” 
which also covers 45,770 acres of land in Prince George Countv 
adjoining the District of Columbia, where it “ can be bought for 
$1.50 to $5 an acre, even within a few miles of the District 
line,” — until this Leonardtown loam, which, according to W’hit- 
ney’s latest decision (Bureau of Soils Bulletin 55, page 116, Febru- 
ary, 1909), “ is a valuable upland soil of Maryland and Virginia; 
the surface is slightly rolling, the drainage in most areas good, and 
altogether the land is well suited to general farming”; until this 
land which, according to the analyses of the Bureau of Soils 
(Bulletin 54, page 19), contains in 2 million pounds of the surface 
soil only 160 pounds of total phosphorus and 1000 pounds of total 
calcium; that is, sufficient total phosphorus and total calcium 
in the plowed soil of an acre for about 8 crops of clover, with such 
yields as we can and do produce on our best-treated land in good 
seasons (4 tons in 2 cuttings), — until these impoverished lands 
surrounding the National Capital have been rehabilitated and 
changed in value from $1.50 to $150 an acre, by crop rotation, or 
even by live-stock farming without the purchase of plant food in 
feed or fertilizers, — until these results have actually been accom- 
plished, the student of agriculture is earnestly warned against 
accepting any predictions that the farmers of Kansas or of any 
other states are actually enriching their soils because they are 
practicing live-stock farming to a greater or less extent, d'hc 
student is urged to have faith in the exact data of scientific in^ e■s- 
tigations, such, for example, as those conducted for more than 60 
years at Rothamsted, England, and for about 30 years at Urbana, 
Illinois, and at State College, Pennsylvania, full records of which 
are given in the following pages. 

Of course the small commercial countries of Europe which retain 
practically all of their own fertility and import much more in 
food stuffs and fertilizers can markedly enrich their soils, just as 
some of our small states can build up some small areas of culti- 
vated lands; but as the average yield of corn in the great state 
of Georgia is only ii bushels per acre, so the average yield of wheat 
on the “ black soils ” of Russia, for the 20 years, 1883 to i9o:’' 1^ 
8^ bushels per acre, and as a rule this land lies fallow every thini 
year. The following comment is recorded on page 27 of Bulletin 4- 
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of the Bureau of Statistics, United States Department of Agri- 
culture: 

II may be claimed that this extremely low average yield in European Russia 
is caused by the total failure of crops in famine years, and that these should 
have been omitted in calculating the average for a series of years. But the 
vxircmc variability of the average yield is no less a characteristic feature of Rus- 
sian agriculture than its very low yield ; and the famine years have been so 
frcfjucnt as to become a permanent feature of Russian agriculture, each one of 
the live-year periods including at least one famine year, and some even two.” 

It may be added that in famine years the average yield of wheat 
in Russia is bushels, the lowest recorded average yield being 
5 J bushels per acre. 

In India the average yield of cotton on the “ black cotton soils ” 
is less than 100 pounds of lint per acre. The following extract from 
an article written by Saint Nihal Singh o’f India (see Wallaces' 
Farmer, April 30, 1909) is given as a faithful description of the 
present condition of our cousins in India, the Eastern Branch of 
Dur own Aryan ‘ race, “ the sons of japheth 

“If the American farmer were to seek contrast to his life and labor, he 
iviuild find it on the farm in India; and the contrast would be as clearly defined 
that which exists between day and night.” 

‘‘.VImost all the farm land has to be irrigated. While the rainfall is heavy at 
'Virsons, it is uncertain, and prolonged drouths make irrigation positively ncces- 
siiy,” (In the main the water for irrigation is collected in [londs or large slial- 
"W wells during the rainy season, and then drawn to the fields by oxen or carried 
hand as needed. When the monsoons fail and the wells or reservoirs arc not 
ilh'ii, at least partial crop failure results, and famine is likely to follow. — 
0. H.) 

“ The farm in India is very small in area. It is very rarely larger than ten 
twenty acres — often it is only two or three acres. 

” The languages of all these branches or groups of people arc akin; that is to 
they are descendant of one original tongue, once spoken in a limited lo(ality, 
single community, but where or when it is imjjossible to say. 

“Many words still live in India and England that have witnessed the first 
oation of the northern and southern .Aryans, and these arc witnesses not to be 
■ en by any cross examination. The terms for God, for house, for father, mother, 

' ■ daughter, for dog and cow, for heart and tears, for axe and tree, identical in 
• die Indo-European idioms, are like the watchwords of soldiers. We challenge 
R’ '-eeming stranger; and whether he an.swcr with the lips of a Greek, a Ger- 
( ■' a, or an Indian, we recognize him as one of ourselves. There was a time when 
ancestors of the Celts, the Germans, the Slavonians, the Greeks and Italians, 
p' Persians and Hindus, were living together beneath the same roof, separate from 
‘ ancestors of the Semitic and Turanian races. ” — Max Muller. 
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“As to the nature of the crops grown in the country: wheat, corn, various 
kinds of peas and lentils, cotton, and sugar cane are grown exclusively in north- 
ern India, except such portions where the lands are low and the rainfall heavy 
where rice is grown. Rice is the principal crop in southern India.” 

“Considering the amount of hard drudging work that the Indian farmer puts 
into his work, the yield ' from the labor is pitifully disappointing.” 

“At harvest time extra hands are needed and they are employed by the far- 
mer, who agrees to pay them a certain amount of grain to compensate them for 
their labor. If payment is made in coin, it seldom exceeds two and a half annas 
(live cents *) a day. The income of the average East Indian, according to gov- 
ernmental statistics, is only fifty cents a month, and farmers, as a community, 
live in the most miserable poverty. 

“There are 450,000 square miles of w£tste land in Hindustan, or nearly one 
fourth of the country, that is to-day uncultivated, though capable of yielding 
rich harvests. The people of India do not know enough to bring these lands 
under cultivation. The soil that is in use is never allowed to lie fallow, even 
for a brief space of time. Crops follow one another in quick rotation. The 
farmer lacks the knowledge and resources to enrich his land by means of fer- 
tilizers. The only fertilizer that he knows about is cow dung and, unfor- 

^ Nitya Gopal Mukerji, Profe.ssor of Agriculture and Agricultural Chemistry in 
the Civil Engineering College at Sibpur, Bengal, India, in his “Handbook of Indian 
Agriculture” (1907), reports “the area under food grains in India at 164 million 
acres and the produce of grain per acre per annum at 840 lb., and the population 
at 350 millions.” 

There are about 70 million acres of rice and nearly 30 million acres of wheat. 
The average yields are estimated at 17 bushels of rice (of 60 lb. each), about 10 
bushels of wheat, and 7 to 12 bushels of corn, per acre, and in the main the crops 
arc grown under irrigation. 

The following quotations from Mukerji are of interest: 

“The farmer aims at doing without manures (the English term for commercial 
fertilizers) as much as possible, at keeping up the fertility of his land simply by 
feeding his cattle with nourishing oil cakes and utilizing all the cattle dung, uriuc, 
and litter in manuring his fields. By growing leguminous crops and by adopting 
a judicious system of rotation he also tries to avoid the purchase of manures (fer- 
tilizers).” 

“ The reported fertility of Indian soils is more a myth than a reality. Where 
the soil has been in cultivation for many years, the virgin richness hasdisappeiuid, 
except where it is irrigated by canals (c.g., the Eden Canal) bringing rich desposits of 
silt, or annually flooded by rivers leaving such deposits (c.^., in eastern Bengali. 
.As a rule, Indian soils yield poor crops. 

“In the famine of 1770, in nine months, ten million people died in Bengal. 
The famine of 1784 w-as of such a bad type that four seers (8 lb.) of wheat were 
for a rupe (48 ct.), and the deaths from starvation were innumerable. The nio-t 
recent of all famines, viz., that prevailing in some part of India or other from 
to igoo, has been severer than the famine of 1874-1878.” 

^ The anna is about 3 cents, but it sometimes depreciates to less than 2 cen's 
— C. G. H. 
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lunately, he is able to spare little of this for enriching the field, for timber 
is scarce in most parts of India and the cow chips are used for fuel. 

"Wdien these old-fashioned methods are taken into consideration, it is easy 
to understand why agriculture does not pay in India. Since 95 per cent of the 
])coj)le of Hindustan are engaged in farming or allied industries, it is easy to 
realize why the people of India live in excruciating poverty. Famine rages in 
the country all the year round, and it will continue to do so until the East 
Indian agriculturist is taught to use better methods. As it is, only one out of 
147 women and only ten out of 100 men farmers are capable of reading and 
w riling, and only one out of every five villages in India has a schoolhouse. 

“The home life of the farmer is so filled with desperate poverty tliat it lacks 
all ])icturesque details. . . . The house usually consists of but one room or, at 
best, two or three, and all of these are most rudely furnished. There are no 
carpets on the floor, which is of dirt, uncovered by boards or even by matting. 
The men and women usually squat on the floor, using small, narrow pieces of 
gunny sacks to sit on. The bedstead is home-made and may l)e described as a 
cot made in the most elementary manner of bamboo laced across with coarse 
twine. The same room is used for storing goods of all descriptions, preparing 
and eating food, and for sitting and sleeping purposes. Not unoften tlie cattle 
are given a corner in the room. Since the married sons of tlic father live at 
home, the shortage of space compels two or three families to herd together in 
the same apartment. 

“Life for the woman is especially filled with drudgery. She gets up between 
three and four o’clock in the morning. While the husband is feeding tlie stock 
she milks the cows. Over night the milk has been l)oiled and allowed to curdle. 
The woman puts it into an earthen pot and churns it. buttermilk forms an 
ini])()rtant item of the scanty breakfast. About the only thing that the farmer 
eats along with the whey is corn or wheat bread, which, unlike in this country, 
is made thin like a pancake and six or eight inches in diameter. Both men and 
women take a bite of this bread and pour down a quantity of buttermilk. In 
eating no knives, forks, spoons, are employed. The fingers are made to perform 
ihe various eating operations.” 

‘‘The life of great hardship and excruciating poverty that farmers in India 
arc obliged to lead makes them subnormal. They lack vim and vitality. In 
their waking moments they are only half awake. Through insufficient nutrition 
tlicy are unable to do the hard physical work they would be able to do otherwise. 
Naturally the people in India are fatalists by religion. They look upon life 
as an adversity that has to be shouldered as best it can be. They arc not afraid 

death; in fact, they long for death, for they believe that on the other side of 
existence they would lead a happier and a better-fed life. Thus do the people of 
hniia live and labor.” 

In China, the fourth great agricultural country comparable with 
ihe United States in extent and necessary self-dependence, there 
arc areas of arable upland plains, sometimes 100 square miles or 
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more in extent, that arc not now populated, the reclamation of 
which has been called the “ Problem of China.” 

The information available is not sufficient to determine to what 
extent the waste lands of India and China represent abandoned 
farms that were once cultivated, but it is fully known that to sojnc 
extent this is the case. On the other hand, the Chinese have main- 
tained well the fertility of much of the lands they are now^ culti- 
vating. The explanation is found in the following quotations, taken 
largely from Sir Humphry Davy’s “Agricultural Chemistry” (1827) 
and from Davis, Fortune, and other writers, through extracts 
published in the works of Baron Justus von Liebig (1840 to 1859) : 

“The Chinese, who have more practical knowledge of the use and application 
of manures than any other people existing, mix their night soil with one third 
of its weight of a fat marl, make it into cakes, and dry it by exposure to the sun. 
These cakes, we are informed by the French missionaries, have no disagreeable 
smell, and form a common article of commerce of the empire.” — Davy. 

“Davis, in his ‘History of China,’ states that every substance convertible into 
manure is diligently husbanded. ‘The cakes that remain after the expression 
of their vegetable oils, horns, and hoofs reduced to powder, together with so(’t 
and ashes, and the contents of common sewers are much used. The 
plaster of old kitchens, which in China have no chimneys, but an opening 
at the top, is much valued : so that they will sometimes put new plaster on 
a kitchen for the sake of the old. All sorts of hair arc used as manure, and 
barber’s shavings arc carefully appropriated to that purpose. The annual 
produce must be considerable, in a country where some hundred millions of 
heads are kept constantly shaved. Dung of all animals, but more especially 
night soil, is esteemed above all others. Being sometimes formed into cakes, 
it is dried in the sun, and in this state becomes an object of sale to farmers, 
who dilute it previous to use. They construct large cisterns or pits lined 
with lime plaster, as well as earthen tubs sunk in the ground, with straw 
over them to prevent evaporation, in which all kinds of vegetable and animal 
refuse are collected. These, being diluted with a sufficient quantity of liquid, 
are left to undergo the putrefactive fermentation, and then applied to the land.” 

“Human urine is, if possible, more husbanded by the Chinese than night soil 
for manure; every farm, or patch of land for cultivation, has a tank where all 
substances convertible into manure are carefully deposited, the whole mada 
liquid by adding urine in the proportion required, and invariably applied m 
the soil in that state. The business of collecting urine and night soil emplo ;> s 
an immense number of persons, who deposit tubs in every house in the cities 
for the reception of the urine of the inmates, which vessels are removed daily 
with as much care as our farmers remove their honey from the hives. The 
night soil is collected in the same way, as well as on the roads and by-places. 
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persons being always on the alert with baskets and rakes to avail of the least 
particle that appears. The Chinese get’ as much off their land as it is capable 
of producing, and this is done by the liberal use of manure and application of 
much more labor in working the soil than in other countries. The reason they 
do not use dung is that they have comparatively no animals.” 

‘■It is quite impossible for us in Europe to form an adequate conception of 
the great care which is bestowed in China upon the collection of human excre- 
ments. In the eyes of the Chinese, these constitute the true sustenance of the 
soil (so Davis, Fortune, Hedde, and others tell us), and it is principally to this 
mo.si energetic agent that they ascribe the activity and fertility of the earth.” 

‘ffexcept the trade in grain, and in articles of food, generally there is none so 
extensively carried on in China as that in human e.xcrements. Long, clumsy 
boats, which traverse the street canals, collect these matters every <lay, and dis- 
tribute them over the country. Every coolie who has brought his irroduce to 
market in the morning carries home at night two pails full of this manure on a 
l)anil)oo pole. 

“The estimation in which it is held is so great that everybody knows the 
amount of excrements voided per man in a d.iy, month, or year; and a ('hinesc 
would regard as a gross breach of manners the departure from his house of a 
guest who neglects to let him have that advantage to which he deems himself 
justly entitled in return for his hospitality. The value of the excrements of five 
people is estimated at two Teu per day, which makes 2000 Cash ' per annum, 
or ;il)out twenty hectoliters (440 gals.), at a price of seven florins.” 

“Every substance derived from plants and animals is carefully collected by 
the Chinese and converted into manure. Oil cakes, horn, and bones are 
highly valued, and so is soot, and especially ash. To give some notion of the 
value set by them upon animal offal it w’ill be sufficient to mention that the 
liarhers most carefully collect, and sell as an article of trade, the somewhat con- 
siderable amount of hair of the beards and heads of the hundreds of millions 
'if customers whom they daily shave. The Chinese know the action of gy]isuni 
and lime; and it often happens that they renew the plastering of the kitchens 
f'U" the purpose of making use of the old matter for manure.” — Davis. 

“During the summer months all kinds of vegetable refuse are mixed with 
turf, straw, peat, weeds, and earth, collected into heaps, and when quite dry, 
set on fire; after several days of slow combustion the entire ma.ss is converud 
into a kind of black earth. This compost is only employed for the manuring of 
seeds. When seedtime arrives, one man makes holes in the ground; another 
fellows with the seed, which he places in the holes; and a third adds this black 
S'ttrth, The young seed planted in this manner grows with such extraordinary 
' igor that it is thereby enabled to push its rootlets through the hard solid soil, 
n'u 1 to collect its mineral constituents.” — Fortune. 

The Chinese farmer sows his wheat, after the grains have been soaked in 

‘ The Chinese coin tsien (pronounced chert), called cash by foreigners, is valued 
ibout one tenth of a cent. — C. G. H. 
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liquid manure, quite close in seed beds and afterwards transplants it. Oc- 
casionally, also, the soaked grains are immediately sown in the field properly 
prepared fot their reception, at an interval of four inches from each other. The 
time of transplanting is toward the month of December. In March the seed 
send up from seven to nine stalks with ears, but the straw is shorter than with 
us. I have been told that wheat yields 120 fold and more, which amply repays 
the care and labor bestowed upon it.” 

— Eckegerg, in Report to the Academy of Sciences at Stockholm, 1765. 

“In Chusan, and the entire rice districts of Chekiang, and Keangaoo, two 
plants are exclusively cultivated for the purpose of serving as green manure for 
the rice fields; the one is a species of Coronilla, clover is the other. Broad fur- 
rows, similar to those intended for celery, are made, and the seeds are plantid 
on the ridges in patches, at a distance of five inches from each other. In the 
course of a few days germination begins, and long before the winter is gone the 
entire field is covered with a luxuriant vegetation. In April the plants are 
plowed in ; and decomposition soon begins, attended with a most disagrecalhe 
odor. This method is adopted in all places where rice is grown.” — Fortune, 

“These extracts,” said Liebig, “which, from want of space, 
cannot be further extended, will probably suffice to convince tlic 
German agriculturist that his practice, when compared with that 
of the oldest agricultural nation in the world, stands somewhat in 
the position of the acts of a child to those of a full-grown and 
experienced man.” 

A communication dated Chentu, Syechuan, China, July 4, igop 
from Elrick Williams (formerly associated with the author, as 
student and teacher, at the University of Illinois) contains the 
following information: 

“One of the first things which attract the attention of a foreigner on reach- 
ing China is the simple form of closets and ‘outhouses’ in vogue. Private ones 
consist of a square box in which is placed an earthenware vessel usually smaller 
than a bushel basket. A stranger will notice that it is empty every morning, 
even at an early hour. Greater still is one’s astonishment to note along ihe 
streets convenient places for accommodating one’s necessity in this regard. The}' 
are, of course, very simple. Along the river where there are multitudes ol 
trackers (men who tow the boats), one finds earthenware vessels set in the 
ground behind a half circle of matting about three or four feet high. Enter- 
prising farmers put these in to reap the passing reward. Last, but by no mce.ns 
least, is the man witli the dung basket and fork. The man may be a woman 
or child but the majority are grown men. They haunt the streets, alleys, lanes, 
or loafing places of men, and the feeding places of beasts. I have seen a 
woman run down a steep hill with a basket in order to be nearest to a squatting 
tracker. Before he is twenty feet away, often the prize is gathered up. 
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'• Human manure is the most highly prized, although a friend told mo that 
the manure from silk worms was even more valuable. Dog manure, pig 
manure, cow manure, and water buffalo manure are prized in about this order.” 

Thus do the people of China follow the products of the land to 
the ])lacc of consumption and return to the soil every possible 
reenterable residue, and to this are added a large use of legume 
cn)])S and applications of muck, marl, lime, etc., and silt deposits 
on overflowed or irrigated lands. (See also page 594.) 

The following quotations from circular letters from Doctor Al- 
fred .M. Peter, Head of the Division of Agricultural Chemistry of 
the Kentucky University Agricultural Experiment Station, will 
be of interest to the student (sec also pages 263-267, Vol, i. 
Journal of Industrial and Engineering Chemistry, Ajjril, 1909): 

“ Lexington, Ky., January 21, 1909. 

'■Dear Sir: 

'■ In a ‘Hearing before the Committee on Agriculture of the House of Re))rc- 
sentatives,’ 1908, Doctors WliRncy and Cameron of the Bureau of Soils have 
made statements to the effect that the recent teachings of the Bureau in regard 
In soil fertility are generally accepted througliout this country and Kur()])e, and 
that they are being widely taught in the Agricultural Colleges of this country. 
The teachings referred to, with which you are, no doubt, familiar, may be sum- 
marized in the following statements: 

“ I. That all soils contain enough mineral plant food in available form for 
maximum crops, and that this supply will be indefinitely maintained. 

“ 2 . That the real cause of infertility is the accumulation in the soil of poison- • 
"US excreta from plant roots. 

“ 3. That it is not ever necessary to add fertilizers for the pur|)o.se of increas- 
ing the plant food in the soil, the good effect of fertilizers being due to their 
1 "wer of neutralizing or destroying these toxic substances or their activity. 

“ 4. That soil fertility can be maintained indefinitely by practicing a system 
"t rotation by which a crop is grown each year that is not injured by the ex- 
creta of the preceding crop. 

“ In order to ascertain just how extensively these views are accepted and taught 
in iiur Agricultural Colleges and Experiment Stations, the writer is sending 
dh.s letter to professors of agriculture, agronomists, and agricultural chemists in 
2I! such institutions on the “Organization Lists.” It is proposed to publish a 
summary of the data obtained, without giving names of institutions or individ- 
U:ils. Will you kindly assist by telling me whether or not these views are ac- 
cepted and taught by you or your institution, or by referring this letter to some 
VHe who will give me an authoritative answer ? 

“ Yours very truly, 

(Signed) “Alfred M. Peter.” 



340 SYSTEMS OF PERMANENT AGRICULTURE 

“ Lexington, Ky., February i8, igog. 

“Dear Sir: 

“ Replies to my letter of January 21 have now been received from 104 in. 
dividuals in the United States and Canada, including 35 Agricultural Chemists, 
25 Agronomists, 21 Professors of Agriculture, 9 Soil Specialists, both chemists 
and physicists, 8 Experiment Station Directors, not otherwise classified, 3 
Directors of Farmers’ Institutes, i Professor of Vegetable Pathology, i of Hor. 
ticulture, and i of Natural Science. Out of these only two indorse the Bureau's 
views without qualification and say they are taught in their institutions as estalj- 
li^hed facts. These two are from minor or branch institutions, however, not 
one of the Land-grant Colleges or State Experiment Stations being willing to 
accept or teach them in the sense in which they have been put forward by the 
Bureau. About half recognize more or less truth in the doctrines, and present 
and discuss them in advanced teaching. Most of them recognize the value of 
the Bureau’s work on toxic substances and consider them a possible factor in 
soil fertility, though not the most important one. The rest either say they do 
not accept and teach the Bureau’s views on these subjects, or oppose them. 
The Agricultural Colleges and Experiment Stations in 47 States and Terri- 
tories of the United States are represented in these answers, showing a very 
general interest in the subject of the inquiry. It is apparent that while the 
Bureau’s views on soil fertility are not being accepted and taught as establishod, 
in these institutions, they are being generally presented and discussed in ad- 
vanced teaching of agriculture. 

“ In a letter to me dated January 28, a copy of which has been sent to you, 
Doctor Cameron takes exception to my presentation of the Bureau’s teachiiig-s 
and explains his position in this matter. Doctor Whitney in a letter to me a])- 
proves Doctor Cameron’s letter, so it may be taken as an authoritative ex- 
pression of the Bureau’s views. If, after reading it, you desire to modify your 
opinion already expressed to me, I will be glad to hear from you before making 
my final publication. “ Yours very truly. 

(Signed) “Alfred M. Peter.” 

From the numerous exact quotations hereinbefore given the 
student will be able to determine for himself how fairly Doctor 
Peter has summarized the teachings of the Bureau of Soils. Under 
date of July 3, 1909, Doctor Peter wrote the author as follow.-^: 

“About half of my correspondents wrote me again to say that Doctor 
Cameron’s letter had made no change in their views. I did not hear from 
any one who desired to change his expression of opinion.” 

The persistent and long-continued teaching of the Federal 
Bureau of Soils, that the fertility of the soil can be indefinitely 
maintained without the restoration of plant food, is widely pro- 
mulgated by inspired press reporters and other prolific writers and 



THEORIES CONCERNING SOIL FERTILITY 


341 

ladlv accepted by land agents and by landowners inexperienced 
1 the management of truly depleted soils. 

And why not ? No doctrine could be more pleasing, — an in- 
xhaustible national asset ! — a self-maintaining food supply ! — a 
iish from which we can eat and eat, to-day, to-morrow, and for- 
ver ! — a bank account which requires for its maintenance only 
he rotation of the check book among the members of the family ! 
-a “ philosopher’s stone ” that creates an infinite supply of golden 
train from finite quantities of baser materials 1 
The possible enormous and irreparable damage of such teach- 
n;^ lies in the fact that even our remaining supply of good land 
vill ultimately be depleted by the present practices beyond the 
)oint of self-redemption, thus repeating the history of our aban- 
loned Eastern lands, where the rotation of cro{)s was the com- 
iion rule of practice for more than a hundred years. 

Tlie following extracts are typical: 

“ Soils not Wearing Out 

“A most comprehensive bulletin has recently been published by the Na- 
tion:',! Department of Agriculture dealing with the question of soil composition." 

“ The facts and figures presented in this bulletin tend to show that there 
is not any immediate danger of the soils of tiic United States wearing out. ” 

‘‘ Considering tf* fact that the farms of the United Kingdom have been 
under cultivation for a thousand years or more, it is held by Professor W'hitney 
that Continuous cropping does not necessarily lend to decrease production.” 

W'e believe that Professor Whitney’s statements will come as a surprise 
t'' a great majority of our readers, because the average man labors under the 
blief that soils are gradually wearing out; on the other h:ind, it is a fact that 
"ur leading farmers, in every state in the Union, are not only able to main- 
tain their crop yield, but they are increasing it from year to year.” 

It is true that there may be annually some loss of mineral elements, but in 
"niinary good soils, such as our clays and loams, the supply of the.se minends 
So great that a five-hundred or even a thousand-year period will not reduce 
the supply to a point where production is materially affected.” — The Home- 
October 28, 1909. 

“Fertility OF Soil 

“Artificial Fertilizers Said to be all Wrong 
'Special Correspondence. 

" VdASHiNGTON, Nov. 1 7. — Artificial fertilizers — phosphates and nitrates, 
ch;. lly^act upon the soil as drugs act upon the human body, according to 
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investigations just completed by the Bureau of Soils of the Department of 
Agriculture. 

“ Although there are some experiments and some tabulation of results yn 
to be made, the scientists have gone far enough to evolve a theory that mav 
upset present-day methods of agriculture. 

“The new theory is based on a series of experiments that have been con- 
ducted during the summer and for several years prior to this season. Thev 
intend to show that there are natural agencies at work in the soil that v.iil 
replenish worn-out ‘soil tissues’ just as the worn-out tissues of the body in 
man are replaced by agencies inside. Only in the case of man there is 
usually a limit to this process, whereas, in soils, the scientists have observed 
some wonderful results from soils long ago abandoned as useless. 

“Sensible rotation of crops will produce much better and. more lasting 
results than the artificial fertilization of soils, say the experts.” — Freepon 
(Illinois) Daily Bulletin, November 19, 1909, 

“Secretary Wilson on Eastern Farming 

“ Secretary of Agriculture Wilson has been traveling through some of iht 
Eastern States for the purpose of studying farming conditions, and is quoted 
as saying: 

“ ‘ It was a beautiful country that we passed through, but the farms gener- 
ally did not show' prosperity. Many of the districts looked depopulated. We 
saw plenty of children in the villages, but few in the rural regions. The coun- 
try looked deserted. In fact, interest in agriculture appears to have declined,’ 

“ ‘The soils in this state are not exhausted. In some cases they have be- 
come unproductive by failure to rotate crops, and agaii^ because there has 
been no change of seed. I am told that many farmers hereabout have phuiud 
seed from the same source for fifty years. In th^ West they know the value 
of changing seed. We have searched the world for seeds which would flour- 
ish in all climates and condition.s, and we are going to increase our producii<in 
by making use of them.’ — W allaces' Farmr, November 5, 1909. 

In conclusion it may be stated that the four great fundamental 
facts of plant nutrition still stand against every test: thus, Sene- 
bier’s proof of the fixation of carbon, oxygen, and hydrogen by 
photosynthesis, De Saussure’s discovery of the presence and ab.'O- 
lute necessity of mineral plant food, Lawes and Gilbert’s ])n'oi 
that the soil must furnish the nitrogen for most plants, and IE 11 - 
ricgel’s discovery of the fixation of free nitrogen by the bacteria 
of legumes always lead to the same conclusion whenever, where\ er, 
or by whomsoever they are repeated. They are fully recognl- el 
as absolutely established facts, at least as well established as lia' 
fact that the earth is round. 
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PART III 


SOIL INVESTIGATION BY CULTURE 
EXPERIMENTS 

In the preceding pages we have considered the subject of soil 
fertility in large part from the chemical and mathematical stand- 
])oint (the last chapter being disregarded), I'hus, we have dis- 
cussed briefly the chemical composition of earth, air, water, plants, 
and animals; the essential plant-food elements and their relative 
abundance in plants and in plant and animal i)roducts and resi- 
dues, also in normal and abnormal soils; and the sources and forms 
of materials whose use is necessary for the adoption of systems of 
|)crmanent agriculture on ordinary lands under general farming. 

W'e have thus far referred to field or |}Ot-culture experiments 
mainly to cite the existing evidence concerning the jiossibility and 
jiracticability of using methods or materials regarding which the 
scientific, agricultural, and commercial interests are not agreed. 

before taking up a study of various factors that influence crop 
i 'reduction, including the use of special fertilizers for special soils 
and crops, it seems wise to consider in detail the results of some of 
tiH' long-continued field experiments with general farm crops on 
'jrdinary normal soils; and, after wandering through the wilder- 
ness of the last chapter, the seeker after truth will welcome the 
I'o^itive data from thoroughly scientific cultural investigations, not 
horn 20-day cultures in pound pots or water extracts or even from 
s!n;de-year tests, but the definite yields of mature crops year after 
}car for twenty, thirty, and even for sixty years. 

•^t the same time the author begs some consideration for the 
d■’*''tion if we need prepare to avoid in America a repetition of 
‘'na Dark Ages that followed the high civilization of the Mcditer- 
^‘‘Hean countries, until relieved by the discovery of the New World, 
‘*n l that still exist for the masses in Russia, India, and China. 
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CHAPTER XIX 

THE ROTHAMSTED EXPERIMENTS 

Rothamsted is the oldest agricultural experiment station. It 
was formally established in 1843, years before the first German 
experiment station was started at Mockern (Leipzig), although 
some experiments had been conducted at Rothamsted at least £i> 
early as 1837, and more extensive field experiments were begun in 
1840. The published records report all of the crops grown on 
Broadbalk field since 1839, and the exact yields of produce arc 
recorded since 1844, so that the records now cover about two thirds 
of a century. 

It was in 1843 that John Bennet Lawes, the proprietor of the 
Rothamsted estate and founder of the experiment station, secured 
the services of Doctor Joseph Henry Gilbert; and this associa- 
tion, which continued to the end of the century, made the names 
Lawes and Gilheri, almost synonymous wdth Rothamsted, 

The earlier extensive investigations of De Saussure concerning 
the mineral constituents of plants, follow^ed by the discussion and 
further investigations of Sir Humphry Davy and others, and tin 
confident announcement of well-defined theories by Baron Justin 
von Liebig, were among the important factors that influenced llie 
general plans that were adopted for the Rothamsted field experi- 
ments. 

Lawes and Gilbert did not concur in Liebig’s theory so far a= 
concerns the element nitrogen, and the central plan in most of 
the Rothamsted field experiments is based upon this diffcrenco 
of opinion; and, wLile the accumulated information showing ih- 
correctness of Lawes and Gilbert’s views is exceedingly full ami 
complete, some other important facts find little proof in iIil’ 
Rothamsted data. 
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Notwithstanding this somewhat restricted character of the 
ffcncral plans, the records of Rothamsted are the greatest source of 
knowledge concerning many of the most fundamental problems 
of soil fertility; and in justice to the American farmer and student 
of permanent agriculture, the author cannot do less than to repro- 
duce the following records of Rothamsted investigations that seem 
10 Ijcar most directly upon the maintenance of soil fertility as 
measured by crop yields: 

1. Crops grown in rotation on Agdell field, with records since 
1848. 

2. Wheat grown continuously on Broadbalk field, with records 
since 1844. 

3. Wheat alternating with fallow on Hoos field, yvith records 
since 1851. 

4. Barley grown continuously on Hoos field, with records since 

1851. 

5. Potatoes grown continuously on Hoos field, twenty-six years’ 
records (1876 to 1901). 

(). Hay grown continuously on the permanent Park, with records 
since 1856. 

7. Experiments with root crops on Barn held, with records since 
1845. 

This mass of valuable data is given in order that one who so 
desires may study these results from any point of view and draw 
his own conclusions. Space is also taken for a brief discussion of 
the summaries of the Rothamsted laboratory investigations, and 
hKiuent reference to these data must be made for proof of estab- 
li.'hed principles. 

Agdell Field Rotation Crops 

fhc Agdell field includes two series of six plots each. On one 
series a four-year rotation is practiced, as follows: 


First year .... Swede turnips (rutabagas). 
Second year .... barley. 

Third year .... clover (or beans). 

Fourth year .... wheat. 
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Norfolk white turniyis were grown in 1848 on the legume plots 
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The cropping of the other series is the same, cxcq)t that fallow 
cultivation is practiced instead of growing clover or beans the 
third year. In the tabular statements the one is termed the 
•' Kgume ” system, and the second the '' fallow ” system. 

('rosswise, Agdell field is divided into three sections of four plots 
each. One section is unfertilized, the second or middle section 
received a phosphorus fertilizer for the first nine rotations (30 
vears) and a mixed mineral fertilizer, including phosphorus, ])o- 
tassium, magnesium, and sodium, during the last six rotations {24 
years), while the third section of four plots has received both the 
mixed minerals and nitrogen during the entire sixty years. I'hc 
fertilizers are all applied for the turnip crop, that is, only once every 
four years. 

In each of the three sections two plots (one legume and one fal- 
low) have had the turnip crops all removed (lea\'es and roots); 
while the other two plots (one legume and one fallow) have had the 
turtnps all fed off by sheep, all other crops having been removed 
from all plots as regularly harvested. In 1 904 the plan was adopted 
of removing the turnips from all of the j)lots, thus simplifying the 
cxjteriments as shown in the tables. In 1850, only, cloven- was 
qown on the entire field, including the scries since in fallow every 
four years. The twelve individual i)lots were each one fifth acre 
in size and nearly square; so that, as conducted since 1904 (or 
e\'i(lcntly since 1901), the six individual |)lots are each two fifths 
acre in size and about twice as long as wide. 

In 1848 Norfolk white turnips were grown on the “ legume ” 
^^eries and Swede turnips on the “ fallow ” series. 'Fhe exact 
yields are recorded in Tables 52 and 53; but in comyiuting the 
average yields for the first twenty years (5 rotations) the 1848 
}'ields from the fallow series were used for both series, as otherwise 
nie averages would not be comparable. 

Ihe clover was regularly cut twice during the season (three 
dnies in 1874). Undoubtedly the frequent failure of the clover ‘ 
has to a considerable extent been caused by clover “ sickness.” 

’ Fi;r many years the best farmers of England and Continental T',uro[)e Iiavc 
-' tired the substitution of some other legume, as beans, yellow trefoil, eC ., in 
r ’-‘‘mate rotations, thus seeding clover on the same land only once in about eight 
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The fertilizers applied per acre every four years (for the turnip 
crop only) have been about as follows, where used: 


(a) Fertilizers for Agdell Field, Pounds per Acre, 1892 and 
Previously- 


Elements and Materials 

Unfertilized 

Minerals 
(P hosphate only 
previous to 1884) 

Minerals and 
Nitrogkx 

Nitrogen 

None 

None 

140 

Phosphorus 

None 

28 

45 

Potassium 

None 

125 

147 

Ammonium sulfate . . 

None 

None 

100 

Ammonium chlorid . . 

None 

None 

100 

Rape cake 

None 

None 

2000 

Acid phosphate .... 

None 

350 

35 ° 

Potassium sulfate . . . 

None 

300 

300 

Magnesium sulfate . . 

None 

100 

100 

Sodium sulfate .... 

None 

200 

200 


(6) Fertilizers for Agdell Field, Pounds per Acre, 1896 and Since 


Nitrogen 

Phosphorus 

Potassium 

None 

None 

None 

None 

40 

210 

140 

57 

232 

Ammonium sulfate . . 

None 

None 

100 

Ammonium chlorid . . 

None 

None 

100 

Rape cake 

None 

None 

2000 

Acid phosphate .... 

None 

500 

500 

Potassium sulfate . . . 

• None 

500 

500 

Magnesium sulfate . . 

None 

200 

200 

Sodium sulfate .... 

None 

100 

100 


Exceptions to these tabular statements are as follows: 

In 1848, about 40 pounds of nitrogen, 20 pounds of phosphorus, 
and 60 pounds of potassium were applied, with no magnesium or 
sodium salts. 

In 1852, about 30 pounds of phosphorus and only 100 pounds of 
sodium sulfate were applied, otherwise the applications for 1853 
were the same as shown in table, except as explained below. 

In 1884, the applications of alkali minerals were made for the 
first time to the middle section and for that year were double the 
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regular amounts; that is, 600 potinds of potassium sulfate, 200 
pounds of magnesium sulfate, and 400 pounds of sodium sulfate. 

In 1896 and in 1900, 600 pounds of basic slag phosphate were 
applied instead of 500 pounds of acid phosphate. 

The sixty years’ data from Agdell field are exceedingly valuable 
in the study of many important soil fertility problems. No ex- 
haustive discussion can be given here, but these results will be 
referred to for many years at least as the greatest source of informa- 
tion concerning the effect of long-continued crop rotation. A few 
of the plainly indicated conclusions may be noted. 

(1) On the unfertilized land the rotation of crops does not main- 
tain the fertility of the soil, the yields of every crop luiving de- 
creased with the possible exception of beans. The yield of Swede 
turnips dropped from about 10 tons per acre in 1848 to less than 
2 tons in 1852, and never equaled 3 tons ])cr acre afterward. 
That is to say, the turnips have always been grown at a loss since 
the first year, the best yields being scarcely worth harvesting. The 
barley yields have decreased from more than 40 bushels, 1849, to 
15 bushels as an average of the last 20 years, but the decrease 
has been very gradual. The yield of legumes has been very irregu- 
lar, but, with the exception of the beans in i8()8, has markedly 
ilecreased, the clover from 2.8 tpns in 1850 to less than one half 
ton per acre as an average of the crops grown during the third 
20-year period. 

The yield of wheat has been greatly influenced by several condi- 
tions, but during the sixty years has decreased as an average by 
8 bushels in the legume system and by 16.5 bushels in the fallow 
system, if we assume that the difference between the averages for 
the first 20 years and the last 20 years represents the decrease of 
40 years. The lowest average yield is for the second 20 years, but 
tin's period includes the abnormally low yields of 1879 (when the 
Ixst fertilized plots averaged only 13.5 bushels) and two other 
nuher poor years. 

It should be kept in mind, too, that the wheat crop comes in the 
next year after legumes or f-'illow, and thus has the most favored 
place in the rotation. 

(2) The application of mineral plant food has as an average main- 
tained the yields of legumes and of the following wheat crops. 
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Even the yield of turnips has been fairly good and practically 
maintained since 1852 in the legume system, but it should be noted 
that the yield of Swede turnips fell off nearly 10 tons from 1848 to 
1852 (see fallow series only for Swedes in 1848). In case of the 
barley the influence of the legumes grown three years before is 
less apparent, and the barley yields have decreased during the 
sixty years by 22 bushels in the legume system and by 31 bushels 
in the fallow system, if we consider that the averages for the first 
and third 20-year periods arc 40 years apart. 

(3) Where both minerals and nitrogen have been applied (al- 
ways to the turnip crop only), the yield of turnips has been appre- 
ciably increased; and, if allowance be made for the failure of 186S, 
the increase has been somewhat regular; while the barley croji, 
which follows the turnips, has apparently suffered approximately 
in proportion to the increasing drafts upon the soil by the tiirnijis, 
and with as near approach to regularity. The fact that this marked 
decrease in yield appears in the barley straw as well as in the grain 
clearly indicates that the abundant supplies of minerals applied 
and liberated from the soil make it possible for the enormous 
turnip crop to appropriate so much of the available nitrogen su])ply 
that the quick-growing spring barley is limited in yield by lack of 
nitrogen. In the case of the legumes the average yields have dis- 
tinctly decreased where commercial nitrogen has been supplied. 
This raises the question whether the larger crops of turnips and 
barley where nitrogen was supplied have not removed such large 
amounts of the mineral elements that the yield of the legumes 
(which have power to balance their own nitrogen ration) is thereby 
limited. In this connection it may be noted that, as an average, the 
yields of both clover and beans have been better where the full 
minerals alone are applied (middle section since 1884) than where 
nitrogen also has been added. The yield of wheat following the 
legumes has been well maintained, not only where both minerals 
and nitrogen are applied, but also where minerals alone are 
used. 

(4) On the unfertilized land the fallow system has given better 
average yields of turnips, of barley, and of wheat than the legume 
system, throughout the entire sixty years, except for the wheat 
in the last twenty. The fallow system also gave better results 
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on the phosphorus plots with wheat and turnips, and practically 
the same yields of barley, as the legume system, clearly indicating 
that where the soil contains a fair supply of nitrogen in proportion 
to its phosphorus content the legume crops add little if anynitro- 
(Tcn to the soil in excess of what they take from the soil, wlien the 
regular legume crops are all removed. Ultimately; however, with 
tlie continued reduction of the absolute or relative supply of nitro- 
gen, in comparison with other essential elements, a j)oint is reached 
below which the legumes leave in the roots and stubble more nitro- 
gen than they have taken from the .soil. In soils j)ractically devoid 
of available nitrogen only legumes can be grown, and their total 
content of nitrogen must, of course, be taken from the air. 

It is evident that nitrogen has become so depleted in the unfer- 
tilized land that the legume residues are now furnishing the wheat 
crop with some nitrogen taken from the air, but this effect does not 
extend to the turnips or barley crop. On the other hand, where an 
abundant supply of minerals makes possible the production of 
large crops of legumes, the atmospheric nitrogen stored in the 
legume crop residues (or possibly gathered subse([uentiy as sug- 
gested elsewhere) not only maintains the yield of wheat but mark- 
edly affects both the turnips and the barley, although the yield of 
barley is steadily decreasing. 

As a general average on unfertilized land the wheat after clover 
or beans has yielded about lo per cent less than after fallow; but 
the clover residues have increased the yield of wheat by i8 per cent 
on the mineral plots and by 13 per cent on the plots receiving 
minerals and nitrogen, compared with the fallow system; whereas 
the wheat yields after beans have averaged less than after fallow 
on all plots. These results are in accord with the data already 
given, showing that the roots and stubble of annual legumes, such 
as cowpeas and soy beans, contain much less nitrogen and organic 
matter than the roots and residues of red clover, alfalfa, and sweet 
clover. 

5) The fallow system is unquestionably very exhaustive of the 
^"il's supply of nitrogen. During the first twenty years the fallow 
system produced as an average larger crops than the legume 
sy stem, but the decrease in yield under the fallow system has in 
^^ost cases been more marked than under the legume system. 
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This is especially noticeable on the mineral section, where best 
provision is made for rapidly exhausting the nitrogen by remo^hg 
other limits to crop production. With barley under the fallow 
system the yield for the last twenty years averages no more where 
minerals are supplied than where ho fertilizer is used, thus indi- 
cating the same nitrogen limit for that crop, and emphasizing the 
fact that no amount of phosphorus or other elements can increase 
the yield of crops where nitrogen has become the limiting element. 
In the case of wheat, the yield is still greater where the minerals are 
supplied, because wheat is the first crop grown after the year of fallow 
cultivation, the principal effect of which is to liberate nitrogen from 
the residue still contained in the soil humus; and whatever weeds are 
allowed to grow, during the fallow year or other years, will helj) to 
save soluble nitrogen from loss in drainage water; and if the volun- 
teer herbage includes any legume plants, some atmospheric nitrogen 
would thus be added. Of course if any growth of this character 
were larger on the mineral plots than on the unfertilized land, the 
effect would be greatest on those plots in the increased growth of 
the wheat, turnips, and barley. 

It is pointed out by Dyer (Results of Investigations on the Roth- 
amsted Soils, Bulletin io6 of the Office of Experiment Stations, 
United States Department of Agriculture) that where barley is 
grown every year on Hoos field the most common weed on the plot 
receiving minerals without nitrogen is yellow trefoil, which grows 
even while the barley crop is supposed to occupy the land; and that 
Sir Henry Gilbert had expressed the opinion that very appreciable 
quantities of nitrogen were added to the soil by that leguminous 
plant, which grows persistently as a weed on that plot despite the 
efforts to eradicate it. 

Since the above was written, Director Hall, of Rothamsted, has 
kindly furnished the specific information that the fallow portion of 
Agdell field is kept plowed, and is therefore practically free from 
weeds during that year; but when wheat is grown, “ there is a good 
deal of wild yellow trefoil, particularly in certain seasons, and 
on the plots receiving mineral manures only.” He states that this 
trefoil was so abundant in 1907 that after the wheat harvest he 
had it cut and weighed separately, and found that the amount - 
per acre (including, presumably, the wheat stubble etc.) were 
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1330 pounds on the unfertilized land, 2633 pounds where minerals 
alone are used, and 718 where both minerals and nitrogen are 
api)licd. These figures relate only to the fallow plots. On the 
legume plots there was very much less trefoil. Director Hall 
states that the amounts that grew on the fallow plots in 1907 arc 
rather exceptional, but that in every crop of wheat or barley there 
is some of this wild legume, “ which must have some influence 
u|K)n the nitrogen content of the soil.” 

{()) The effect of feeding off the turnips by pasturing with sheep 
is a distinct benefit to' succeeding crops wherever the yield of tur- 
ni])s amounts to much. This effect is most marked, of course, on 
the mineral plots, where nitrogen is very deficient, and it is also 
most marked on the barley crop, which follows immediately after 
the turnips, although the influence can usually be seen on the 
legumes and wheat, and even on the following turnip crop. 

before leaving Agdell field we may well try to view these results 
from the financial standpoint, particularly during the last twenty 
years, because the world affords no other data from cro|)-rotation 
experiments in which can be studied 20-ycar averages secured after 
a ])reliminary period of forty years. 

In Table 59 the turnips are valued at $1.40 per ton, the clover 
hay at $6 per ton, the barley at 50 cents a bushel, the beans at 
f>r-25 a bushel, and the wheat at 70 cents a bushel. At these {)rices, 
the turnips and beans were more valuable per acre than the wheat. 
Nitrogen is figured at 15 cents a pound, phosphorus at 12 cents, 
find potassium at 6 cents; and it is assumed that the magnesium 
find sodium salts cost the same as the extra salts in kainit at $15 
fi ton. These various prices may be modified and the results re- 
calculated to fit different local conditions. 

No values are allowed for the straw of barley, beans, or wheat, 
nr for turnip leaves; but in computing the value of increases it is 
fi'^umed the increase in these by products would be worth as much 
ns the extra cost of harvesting, threshing, etc. 

At the prices used in Table 59, the use of minerals in the legume 
western has more than doubled the value of the crops produced 
during the last 20 years, the average of which really represents the 
condition just fifty years from the beginning, in 1848. W hilc the 
cTcct upon turnips is to change a practical failure into a crop which 
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almost pays for the minerals the first year, the residual clfect 
upon the other crops is to nearly double their total value. 


Table 59. Rotation Crops on Agdell Field, Rothamsted 
Average per Acre of Third 20-year Period, 1888 to 1907 


Soil Treatment 

Unfertilized 

Minerals 

Minerals and 
Nitrogen 

System 

Legume 

Fallow 

Legume 

Fallow 

Legume 

Fallow 

46523 

24.1 

Swede turnips, pounds . 
Barley, bushels . ‘v . 
clover hay (3), pounds 
Beans. (2), bushels . . 
Wheat, bushels . . . 

967 

13-7 

770 

16.0 

24-3 

2502 

15-9 

25275 

22.2 

3895 

28.3 

38.4 

20629 

15-9 

41 731 

29.2 

3479 

19.6 

36-4 




23-5 

28.0 

32.1 

Swede turnips, value . 
Barley, value .... 
Clover, value (?) • • • 

Beans, value (i) . • • 
Wheat, value .... 

Value in four years . . 

$ .68 
6.85 
1-39 
8.00 

1 7.01 

s 1.75 

7-95 

16.45 

I17.69 

II. 10 

7.01 

14.15 

26.88 

$14-44 

7-95 

19.60 

$29.21 

14.60 

6.26 

9.80 

25.48 

832-5 7 

2,05 

22.47 

833-83 

$26.13 

"87^ 

$41.99 

$35-35 

$67.09 

$10.94 

^_2-24_ 

Value of increase 

Cost of treatment 

Profit or loss (— ) 

$43-00 

17.88 

S15.84 

17.88 

$51-52 

42.24 

$25.12 

-$2.04 

$9.28 

-$1.30 


In this system the minerals have paid for themselves and made 
a net profit of 140 per cent on the investment. They have 
also fully maintained the average yield of legumes, wheat, and 
turnips since 1852, but the system fails to maintain the supply 
of nitrogen, and because of this the barley has markedly de- 
creased in yield. 

One may assume with reasonable confidence that if the turni]) 
leaves, the wheat and barley straw, the bean straw, and perhajjs 
part of the clover crop, had been returned to this land to furnish 
nitrogen and decaying organic matter, the barley yields might 
also have been maintained and the turnip crops kept equal to that 
of 1848, thus providing a permanent system; whereas, under the 
system practiced, it seems certain that the yield of turnips mu-t 
decrease in time; and in the opinion of the author the nitrogen 
supplied by the legume residues will ultimately be insufficient m 
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maintain the yield of wheat, unless the azotobacter or some other 
nitrogen-fixing agency is more efficient than our present knowl- 
edge indicates; or unless the leguminous weeds are allowed to 
irrow in sufficient quantity to furnish and maintain the nitrogen 
balance. 

The application of commercial nitrogen docs not solve the prob- 
lem for pixsent conditions of general farming in the United States, 
because at reasonable average prices the addition of $21 of nitro- 
gen has increased the average croj) values by only $8.52 under the 
un!v profitable system, notwithstanding the additional phosphorus 
and potassium also supplied in the rape cake, ns would be cx- 
!)ected, the applied nitrogen produced a more marked effect in the 
fallow system, which is so very exhaustive of the soil nitrogen; 
and in this case the minerals and nitrogen produced slightly less 
lo<s than the minerals alone; so that, if produce from the mineral 
])lols could be figured at prices which would show some jjrofit, it 
would then be profitable to add the ammonium salts and rape 
cake. 

The question remains whether a liberal sup|)ly of decaying or- 
ganic matter in connection with the phosphorus fertilizer would 
not have rendered the use of potassium sulfate and other- salt. s 
unnecessary or unprofitable, especially since much of the potassium 
removed in crops would be returned in the straw and leaves, 
^lince there has been a recent change on Agdell fiekl, by which the 
practice of pasturing off the turnips has been discontinued, 
director Hall is considering the plan of applying to the “ fed ” 
plots, in addition to the regular fertilizers, amounts of farm 
manure equivalent to the root crops, straw, and clover hay pro- 
duced on those respective plots, because that would more closely 
^>gree with ordinary farming practice in England. 

. In passing from the Agdell rotation field to the continuous 
''heat-growing on Broadbalk field, attention is called to the fact 
as an average of the third 20-year period the unfertilized 
plot 3 on Broadbalk produced 12.2 bushels of wheat jier acre (see 
d'ablc 62), which at 70 cents a bushel would be worth S34.19 in 
four years; whereas the average value of the rotation crops 
produced on unfertilized land during four years (as an average 
the third 20-year period on Agdell field) was only S33.83 in the 
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legume system, and $26.15 fallow system, at the prices used 
inTable 59. (See also comparative statement of prices on page 359.) 


■3^ -94 9-6o 8.47 11.38 17.84 

I I I I I I 



Tur.\ip Crop of 1^8 on Agdell Fifxd, Rothamsted; 6ist Crop in 4-Yr:AR 
Rotation; Tons per Acre 



Unfertilized Mineral plant food Minerals and nitrogen 

Counting from the left, lots i, 3, and 5 were grown on land where the rotation is 
turnips, barley, clover, and wheat, while lots 2, 4, and 6 were grown on land where the 
rotation is turnips, barley, fallow, and wheat. The six lots were all produced on plots of 
ground of equal size. Plots i and 2 have received no fertilizer. Plots 3 and 4 refeivid 
only a phosphorus fertilizer for the 36 years, 1848 to 1S83, but since that time they 
have received nii.xed minerals, including phosphorus, potassium, magnesium, and .sodium, 
(The average yield of turnips in 1880 was 1I/3 tons for plots i and 2, and the axcraee 
yield of plots 3 and 4 for the same year was 1 21/3 tons per acre.) Plots 5 and 6 have re- 
ceived mixed minerals and nitrogen since 1848. 

These are the rotation experiments referred to by Professor 
Whitney on page 22 of U. S. Farmers’ Bulletin 257, as follows: 

“In other experiments of Lawes and Gilbert they have maintained for fifty 
years a yield of about 30 bushels of wheat continuously on the same soil wIutc 
a complete fertilizer has been used. They have seen their yield go down where 
wheat followed wheat without fertilizers for fifty years in succession from 30 
bushels to 12 bushels, which is what they are now getting, annually from ihcir 
unfertilized wheat plot. With a rotation of crops without fertilizers they hiive 
also maintained their yield for fifty years at 30 bushels, so that the effect of nna- 
tion has in such case been identical with that of fertilization.” 

In commenting upon these statements. Director A. D. Hall, of 
the Rothamsted Experiment Station, says: 

“I cannot agree with Professor Whitney’s reading of the results on the 
Agdell field in the least. The figures he quotes for wheat are hardly justitial'li-’ 
as approximations, and are in spirit contrary to the general tenor of the par- 
ticular experiment. In my opinion the results on the Adgell rotation field are 
directly contrary to Professor Whitney’s idea that rotation can do the work of 
fCTtilizers.” (See Report of the Committee of Seven, including Woll of Wise-'ii- 
sin. Van Slvke of New York, Lipman of New Jersey, Davidson of Virgirub 
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Ross nf Alabama, Peter of Kentucky, and Penny of Pennsylvania, appointed 
liv the Association of Official Agricultural Chemists, “to consider in detail 
the questions raised”; published in full in Circular 123 of the University of 
Illinois Agricultural Experiment Station.) 


Broadbalk Field 

Undoubtedly Broadbalk is the best-known experiment field in 
the world, and plots 2 and 3 are the most often referred to. While 
the continuous growing of wheat on the same land is not to be 
considered the best practice, the records given iij^Table bo show 
very clearly that it is possible. These plots arc compared with 
most of the others for a period of 55 years. Perhaps the most 
interesting and instructive results arc the average yields of 12.9 
l)usliels on the unfertilized land, 35.5 bushels with farm manure, 
and 37.1 bushels with the heaviest apiilications of commercial 
jilant food. 

Plots 5, 6, 7, and 8 differ only in the amount of nitrogen applied; 
and, with successive additions of 43 pounds of nitrogen per acre, 
the average yields increase from 14.9 bushels with no nitrogen 
applied, to 23.8 bushels with 43 pounds of nitrogen, to 32.8 bushels 
with 86 pounds of nitrogen, and to 37.1 bushels with 129 pounds 
of nitrogen. The average yield of 55 crops is only 2 bushels more 
per acre where 792 pounds of mixed mineral fertilizers have been 
ai'plied every year than where no fertilizer of any kind has been 
tised. These data arc in striking contrast with the results from 
Agdell held, where, as an average of the last 20 years, the increase 
with minerals alone is 83 per cent of the total increase with min- 
erals and nitrogen, while on Broadbalk the minerals alone have 
produced an average increase which is only 8 per cent of the in- 
crease from minerals and nitrogen (plot 8). 

ith the fallow system on Agdcll held the. results are tending 
'rr the same direction as those from Broadbalk, and most markedly, 
cl course, where all crops were removed. 

This must emphasize a fact which it is exceedingly important to 
’^cep in mind while studying the results from Broadbalk field; 

indeed, when studying the data from not only the Rothamsted 
^'^Tls but from nearly all of the oldest soil experiment fields in 
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America as well; namely, that practically no provision has !)ecn 
made for maintaining any adequate supply of decaying organic 
matter in the soil, in consequence of which, in the author’s ojn'n- 
ion, the soil itself becomes practically inactive, and, if satisfactory 
crops are to be grown, every essential element of plant food must 
be supplied artificially in readily available form. 

According to well-established and universally accepted physical 
laws, a solution is always saturated so long as there is contact 
ar\ji equilibrium between the solution and the undissolved siil> 
stance; but, in the author’s opinion, this law of solution does not 
apply to the soil mass as a whole, for equilibrium is never csUalj- 
lished in the soil mass as k whole. In the unlimited and unquali- 
fied application of this entirely correct solution theory, we might 
say that the ])eaty swamp lands of Illinois have direct capillary 
connection with the potassium mines of Germany; but the fact is, 
that, where 200 pounds of potassium sulfate per acre have been 
applied to that peaty swamp land with a resultant yield of more 
than 50 bushels of corn per acre, the crop on the untreated ad- 
joining land, separated only by a half-rod division strip, receives 
absolutely no benefit because of any capillary connection, and 
yields less than 5 bushels of corn per acre, even where the experi- 
ment is continued year after year. 

Even regarding the Rothamsled permanent grass plots, which 
arc separated only by a line, which vary in soluble fertilizers re- 
ceived from none to a ton per acre per annum, in average yield 
from one to three tons of hay per acre, and in herbage from 
strictly nonlcguminous to fifty per cent of legume plants, the state- 
ment is made by Director Hall that, ‘^although the treatment has 
been repeated now for fifty-two years, the dividing line between 
the two plots remains perfectly sharp, and the rank herbage pro- 
duced by the excess of nitrogenous fertilizer on one side does not 
stray six inches over the boundary.” 

Unquestionably the film of w'ater surrounding a soil grain be- 
comes a saturated solution of all the minerals exposed on the 
surface of that individual particle, but this solution may be of 
different composition from each of the other films surroundir.g 
the other billion or more soil grains which may exist in the same 
cubic inch of soil, of which, perhaps, only one in a thousand con- 
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tains any phosphorus, for example. If the 87 pounds of acid- 
soluble phosphorus contained in 2 million pounds of the surface 
^oil of an acre of the level upland “barrens” of the Highland 
l^ini of Tennessee were all distributed in a coating of uniform 
thickness over the surfaces of all the soil grains in the stratum, it 
js \ ery possible that, if all other essentials were provided in abun- 
dance or perfection, the abundant sunshine and rainfall of Ten- 
nessee would bring forth from that soil hundred-bushel crops of 
corn for three successive years, or possibly longer, because, accord- 
ing to the Tennessee Experiment Station (Bulletin 3, Volume X, 
i8()7), there are 61 pounds of acid-soluble phosphorus in each 
2 million pounds of the subsoil. 

AI)solute science shows no necessary relation between the 
amount of potassium, for example, that may be dissolved from 
100 grams of soil by 500 grams of water, during twenty minutes 
of laboratory manipulation, and the amount of the same element 
that a corn plant may secure from a cubic yard of earth during 
the four months’ period of growth. 

Referring again to the Broadbalk field data, it will be seen 
that even where 86 pounds of nitrogen are applied (plot 10), the 
average yield is only 20.4 bushels, or 18,6 for the last 25 years; 
and the increase of 6.6 bushels by nitrogen alone is raised to 21.2 
bushels (or to 33.2 bushels per acre) when both nitrogen and 
minerals are supplied. Under these conditions, nitrogen and phos- 
pliorus are powerless to maintain the yield (see plot n); for, 
although the soil contains abundance of potassium and other less 
im])ortant essential elements, there is evidently but little action 
in the soil by Which they can be made available.. One is inclined, 
for the land’s sake, to wish that one or two goofl croj)S of clover 
might be plowed under on plots 5 and ii, were it not for the fact 
that these plots are far too valuable for the lessons they are now 
teaching to justify any such change. 

It is even questionable whether the effect of the potassium ap- 
plied to plot 13 is wholly due to the use of that element as ])lant 
food, or perhaps due in part to its y)Ower to hold other elements, 
‘t'' phosphorus, in available form. It will be observed that during 
the first 30 years sodium and magnesium salts (applied in molec- 
n'air proportions) produced essentially the same increase (about 
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5 bushels) as potassium sulfate. It is commonly assumed that the 
effect of the sodium and magnesium salts is due to their reaction 
with insoluble potassium silicates with liberation of soluble potas- 
sium, and the results of the later years certainly strongly support 
that view. The regularity with which potassium is surpassing so- 
dium and magnesium in its influence upon crop yields would 
even lead one to imagine that the 1907 yields of plots 12 and 13 
might have been interchanged, except that the exceedingly care- 
ful methods of the Rothamsted Station makes such an error prac- 
tically impossible, and that the more certain explanation lies in 
the enormous variation (which every experimenter is familiar 
with) in different seasons among field plots, subject to so many 
uncontrolled and uncontrollable influences. Compare, for examf)lc, 
plot II with plot 17 (minerals) in 1904 and 1906. 

In studying plots 17 and 18, it should be understood that for the 
1907 crop (for example) the minerals only were applied to plot i; 
and the ammonium salts only to plot 18, while for the 1908 crop 
the ammonium salts only were applied to plot 17 and the minerals 
only to plot 18, this system of alternating having been followed 
since 1852, and the amounts recorded in Table 60 for these two 
plots arc thus applied biennially and not annually. 

The data prove conclusively that almost none of the applied 
nitrogen remains to benefit the second crop, while the minerals 
remain and exert marked benefit on the succeeding crop. Compare 
with plot 7 (for example), which receives twice as much minerals 
during the biennium. 

It is of interest to note that in the dry season of 1893 (see 
rainfall record, Table 65) the farm manure plot produced i2.y 
bushels more wheat than the best fertilized plot (No. 8), while as 
an average the heaviest apjalications of commercial plant food have 
given slightly larger yields than the farm manure, and the difference 
in favor of the commercial materials seems to be greater in wet sea- 
sons. Thus, in 1903, plot 8 produced 6.1 bushels more than plot 2. 
Compare also the wet year of 1879 with the dry year of 1898. 

It must be understood, of course, that Rroadbalk field is de- 
signed to secure knowledge and establish principles rather than 
to serve as a model for agricultural practice. Nevertheless, it is of 
interest to apply some financial measurements to the results. 
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I'lius the average increase of 22.6 bushels resulting from the 
annual application of 15.7 tons of farm manure (14 tons of 2240 
pounds) would be worth $15.82 at 70 cents a bushel. In other 
avoids, manure is worth $i per ton for use at this rate in continu- 
ous wheat culture. 

In no case has the total application of commercial plant food 
paid for its cost at standard prices; and rarely has any addition 
paid for itself in increase produced, even though the cost of other 
materials be disregarded. We may reckon $6.45 as the cost of 
43 pounds of nitrogen, $3.48 for 29 pounds of phosphorus, S5.10 
for 85 pounds of potassium, and $8.98 for the full minerals (assum- 
ing that the magnesium and sodium salts can be bought as cheaply 
as in kainit at $15 a ton when used in connection with suflicient 
potassium). 

Thus the minerals alone on plot 5 produced an average increase 
of 2 bushels, worth $1.40, at a cost of $8.98, and of course any 
application made in addition to minerals must pay for this deficit 
of S7.58 as well as for its own cost before there could be any profit. 
But if we disregard this deficit, we find that $6.45 in nitrogen on 
plot 6 produced 8.9 bushels increase, worth only $6.23; that a 
second $6.45 in nitrogen on plot 7 produced a further increase of 
Q bushels, worth $6.30; and that the third $6.45 invested in nitro- 
gen on plot 8 produced 4.3 bushels of wheat, worth $3.01. 

We may also begin our computations with the 400 pounds of 
ammonium salts applied to plot 10, on which 86 pounds of nitro- 
gen (only 1 2 pounds more than would be contained in a 50-bushel 
crop) , costing $12.90, produced 7.5 bushels increase, worth $5.25, 
thus placing a deficit of $7.65 against any additional treatment. 
The increase from minerals alone was worth only $1.40, but with 
nitrogen provided (on plot 7) the minerals costing $8.98 produced 
S8,68 increase in the value of the crop, thus fidding only 30 cents 
to the deficit; while acid phosphate on plot ii added $1.31, mak- 
ini: a total deficit of $8.96 for nitrogen and phosphorus, which, 
however, was reduced to $8.60 by the potassium on plot 13. The 
plan of the Broadbalk experiment affords no answer to the question 
a? to how much effect would be produced by potassium salt by 
itself, but some extensive American experiments hereinafter dis- 
cussed indicate that by itself the potassium sulfate would have 
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been much less effective than where liberal provision is also made 
for phosphorus and nitrogen. 

The sodium sulfate and the magnesium sulfate produced more 
than three fourths as much increase as the potassium sulfate, and 
may have been profitable in themselves, but even if they cost 
nothing, they would not overcome one half of the deficit standing 
against the treatment with nitrogen and phosphorus. 

In the last five-year average, potassium pays a profit of $3.93, 
but meanwhile the deficit on plot 11 has increased to $10.43, 
soil having become so deficient in decaying organic matter that 
only half a crop can be produced with the amount of potassium 
liberated from the immense supply still remaining in the soil, 
even though phosphorus and nitrogen are supplied in available 
form. The other sulfates have become only half as effective as the 
potassium salt, and the fact that sodium produces the same effect 
as magnesium strengtheiis the common belief that their chief 
action is to liberate potassium from the insoluble silicates. 

Under these conditions, it ought not to be expected that decaying 
organic matter of itself would liberate sufficient potassium from the 
soil for the production of maximum crops. However, any system 
under which the organic matter content of the soil can be main- 
tained in optimum amount will necessarily return to the soil in 
the organic matter most of the potassium taken from the soil, 
On the other hand, all of the crops taken from plot 2 during the 
55 years have removed in both grain and straw only 2330 pounds 
of potassium (based upon Rothamsted analyses), or only one 
fifteenth as much as was contained at the beginning in 2 million 
pounds of the fine surface soil. In other words, the total supply of 
■potassium contained in 2 million pounds of the soil would be 
sufficient for such crops (grain and straw) for 800 years. 

The 55 crops from plot 2 have removed about 650 pounds of 
phosphorus, and 2 million pounds of the surface soil of plot 3 
(unfertilized) now contain only 980 pounds of phosphorus soluble 
in strong nitric or hydrochloric acid, after ignition, and reported 
by Doctor Bernard Dyer ^ as total phosphorus. Here we find that 
the phosphorus actually removed in 55 crops from plot 2 is two 

‘ Bulletin io6, Office of Experiment Stations, United States Department ol 
Agriculture. 
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thirds as much as the total phosphorus now contained in the plowed 
soi! of the adjoining plot. Furthermore, the surface soil of the farm 
manure plot to the same depth now contains 1700 pounds of total 
phosphorus. Plots 5, 7, ii, 12, 13, and 14 now contain as much 
phosphorus as plot 2, while plots 4, loa, and lob, noneof which has 
r^icived any phosphorus fertilizer during the 55 years, now contain 
about the same amount as plot 3. 

Ik'cause of the extreme difficulty with some very persistent 
weeds on the unfertilized land, one half of plot 3 was fallowed in 
1904 and the other half in 1905, but this weed trouble is now being 
controlled by drilling the wheat in somewhat wider rows and hand 
hoeing when necessary. Manifestly, the actual yields from one 
half of plot 3 for 1905 and from the other half for 1906 ought not 
to be used in making averages for wheat after wheat every year; 
but it will be seen fromTable 63 that the average yield of continu- 
ous wheat is about three fourths of the yield of wheat alternating 
with fallow, and consequently this factor has been employed as 
stated. 

In Table 62 arc given the actual annual yields of wheat harvested 
from certain Rothamsted plots since 1844. 

Space is taken for these complete records because the author 
feels that they will be of genuine interest to the more careful 
readers, and also because every reader is entitled to such records 
of these oldest and most valuable soil investigations, in order that 
lie may make any comparisons that may be desired. Questions 
may occur to the reader that neither the author nor any other 
writer has even thought of; and, since these are the longest con- 
tinuous records the world affords, they arc likely to furnish the 
best data for helping to solve some very practical questions. For 
example, is it a true saying that, as a rule, poor crops arc followed 
hy good crops the next year? If so, then what kind of a crop should 
follow an exception to this rule; that is, should two poor crops in 
succession be followed by an exceptionally good crop? It is also 
said that an extra good crop is likely to be followed by another 
good crop. 

One might eliminate the poorest yield or the best yield in every 
tight-year period, for example, and then determine if the average 
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Table 62. Wheat Yields at Rothamsted 
Wheat, Bushels per Acre 


Field 

Broad- 

Hoos 

Agdell 

Agdell 

Agdell 

Broad- 

Broad- 

balk 

Bro\d. 

balk 

Crop 

System 

Wheat 
Every 
Year ; 
Plot 3 

Wheat and 
Fallow 
Alternat- 
ting 

Turnips, 

Barley, 

Fallow, 

Wheat 

Turnips, 

Barley, 

I.,egume, 

Wheat 

Turnips, 

Barley, 

Legume, 

Wheat 

Wheat 
Every 
Year: 
Plot 2 

Wheat 

Every 

Year: 

Plots 

Wlieiit 

Ewtv 

Year: 

Plot 1(, 

Soil 

Treatment 

None 

None 

None 

None 

Phos- 

phorus 

Farm 

Manure 

Minerals 
and 129 
lb. N 

Minerals 
and 1 2<) 
lb. X 

1844 

1845 

1846 

1847 

1848 

1849 

1850 

1851 

15.0 

23-3 

18.0 
16.9 
14.8 

19-3 

15-9 

15-9 

(fallow) 

(clover) 

30-5 

(clover) 

28.5 

(clover) 

28.0 

20.5 

32.0 
27-3 
29.9 

25.6 

31.0 

28.5 

29.6 


28.5 

49.9 

329 

37-9 

494 

41.9 
34-() 

1852 

1853 

1854 

1855 

1856 

1857 

1858 

1859 

13- 9 

5-9 

21. 1 

17.0 

14- 5 

20.0 

18.0 
18.4 

(tallow) 

42.0 

174 

21.8 

38.0 

25.8 
340 




27.6 

19.1 

41. 1 

34 6 

363 

41-3 

38.8 

363 

2 7-5 
23-5 
48,6 
3i'S 
39-1 
48.4 
41.9 
34-5 

(fallow) 

374 



(beans) 

35-3 

(beans) 

35-3 




(fallow) 

35-8 

(beans) 

35-3 

( beans) 
34-8 

1860 

1861 

1862 

1863 

1864 

12.9 

11.4 
16.0 

16.5 

T2.1 

17.9 

22.9 

32-9 

3 ' 4 




32-3 

34-9 

384 

44.0 

40.0 

31-3 

35-1 

39-5 

55-8 

49.9 

32.6 

37-0 

55-'' 

51-' 



(fallow) 

45-0 

(beans) 

34-1 

(beans) 
34 9 



(Note 

Change) 








None 

186s 

1866 

1867 

13-4 

' 1.1 

24-3 

10.8 

9.6 





43-6 

32.1 

30-5 

32.4 

174 

14.9 

(fallow) 

27.1 

(beans) 

(beans) 

19.8 

37- 1 
32.6 
27-S 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

16.6 

14-3 

TS-O 

9.4 

1C.8 
II. 8 

11-5 

8.6 

25.0 
10.3 

17-3 

9-3 

12.8 

2.8 

21.5 

16.1 




41.8 

383 

36-5. 

39.0 

324 

26.8 
39-3 

28.9 

46.5 

34- 8 
45-3 
27.8 

35- 6 

27-5 

40.5 
30.0 

22. s 

16. T 
1S.3 

134 

12. 8 
II.9 

10. 1 




(fallow) 

ii-S 

(beans) 

20.6 

(beans) 

23-9 




(fallow) 

24.4 

(clover) 

21.6 

(clover) 

28.3 
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Table 62. Wheat Yields at Rothamsted — 
Wheat, Bushels per Acre 


r-r- — 








1 - 

I'lKLD 

Broad- 

balk 

Hoos 

Agdell 

Agdell 

Agdell 

Bko.ad- 

BALK 

Bkoad- 

llALK 

'tiT 


Wheat 


Turnips, 

Turnips, 

Turnips, 

tVlicat 

Wheal 

Wheat 

Cnip 

Everv 


Bariev, 

Bariev, 

Bariev, 

l-lvcrv 


Everv 


Tear: 

lernating 

hallow, 

Legume, 

Legume, 

Year: 

Year: 



Plots 

Wheat 

Wheat 

Wheat 

Plot 2 

Plot S 

Plot 16 

Sail 

Tri'ariH-nl 

None 

None 

None 

None 

Phns- 

piiorus 

Farm 

Manure 

.Mineral.s 

and 

1 2 <) II). \ 

None 



10.3 




23-9 

20.6 


1 . , (* 

8.9 




().() 

10.5 

24,1 

24.8 





is;S 

124 

19.8 

(fallow) 

(beans) 

(beans) 

2H.3 

38.1 

'3-9 

iS;9 

4.8 

6.0 

15-3 

10. 1 

104 

14.4 

16.0 

20.9 

35-4 

4.9 

14.9 

SSt 

13.8 




30-3 

12.3 

30.8 

•3-5 

10.8 





ISS2 

IT.O 

n.8 

(fallow) 

((-lover) 

(clover) 

32.8 

370 


1.3-9 

18.1 

33-5 

29.4 

3f\S 

35-3 

4i.() 

'5-0 

iNoU' 

( liangcs) 





Minerals 



Minerals 

X; 86 11). N 

ISS4 

n 





r 

r 


15-3 

23.0 




40. '1 

r u 

37-0 







iS.Sfi 

9.0 

9-3 

(fallow) 

(clover) 

(clover) 

3^>-5 

42.4 

44.9 

i.S,S7 

I.SS.S 

14.9 

19.0 

128 

_34.^ 

25.6 

42.3 

34-S 

58 n 

34- 5 

35- 3 

30-9 

33-0 

12-3 

13.0 




30.0 

40.5 

IS.S9 

35 '5 

2().0 





14.0 

17.8 

(fallow) 

(l)cans) 

(beans) 

43-0 

37-9 

37-3 

1 S,)I 

13.8 

23.1 

32,0 

29-S 

42.3 

4.8.5 

40.0 

42.1 


94 

II 8 




33-4 

•!8 1 

31.8 

I3-.S 




30.1 

21.8 


9.8 

31-3 

'0-5 




IS, ,4 

18.0 

15-5 

(fallow) 

(clover) 

(clov(-l) 

45-5 

40.0 

470 

iSi,5 

is.)6 

iS(j7 

lO.O 

16.8 

1.3-5 

16,1 

7,0 

21.8 

23-3 

37-0 

43-0 

44.0 

40.0 

44.1 

•52.9 

37.8 




iS,,,S 

8.9 



(l.-eans) 




12.0 

20.3 

(fallow) 

(beans) 

38,0 

20. 4 

23.-8 

iSg,) 

12,0 

15.8 

26.8 

30-3 

40.3 

42.5 

30.1 

37-5 

lOOO 

12.3 

11.9 




33-3 

44.0 1 

31 0 





it.8 

14.7 

39-9 

42.4 j 

.50.5 





■(,02 

13-3 

22.4 

(fallow) 

(clover) 

(clover) 1 

41 -5 

45-2 1 

33-5 

ipc; 

7.6 

14.0 

20.3 

18.9 

28.9 

29.7 

35-8 ! 

29,8 


4.2 

8.2 




24.9 j 

24.1 







18.0 ' 

12. 9 




.3«-5 

40.3 1 

34.2 





i')06 

15.2I 

13-4 

(fallow) 

(clover) 

fclover) 1 

43-9 

47-5 j 

13- ' 

lOc; 

9.1 

14-3 

16.3 

21.4 

36.S : 

33-7 

31-7 ; 

31 7 

‘ woS 

12.4 

7-2 



1 

38.6 

47-5 ; 

38., 






‘ Actual yield on half-plot after fallow (in making average, only | of these yields 
used). 
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yield for the succeeding years is greater than the average all, 
excluding, of course, the yields eliminated. 

The data recorded will be especially useful for working out as- 
signed problems, and it has been brought together from several 
different publications, and the complete records are made possible 
only through the kindness of Director Hall of Rothamsted, who 
has furnished the author with some unpublished data. 

The last column in Table 62 shows in greater detail about the 
same fact as is well illustrated in the data from the twin plots, 
17 and 18, in Table 60; namely, that commercial nitrogen must be 
utilized by the crop for which it is applied, or it will be largely lost 
in drainage water. 

While plot 16 received 172 pounds of nitrogen in 800 pounds of 
ammonium salts per annum for 13 years (1852 to 1864), and pro- 
duced 39.5 bushels of wheat per acre as an average for those years, 
there is apparently but little residual effect except for one year 
after the application was discontinued, the average yields of the 
19 years without fertilizers being 14.6 bushels of wheat and 1400 
pounds of straw per acre. 

The following statement will be of some interest in this connec- 
tion: 

Table 63. Wheat Yields on Broadbalk Field, Rothamsted 
Thirteen Years’ Average, 1852 1864 


Plot 

No. 

Soil Treatment applied Every Year 

Nitrogen 

per 

Acre 

(Lb.) 

Total 

Salts 

PER 

Acre 

(Lb.) 

Yields per .V( ki: 

- Wheat 
(Bu.) 

Straw 

(L!.V 

5 

Minerals (P, K, Mg, Na, S) . . 

None 

792 

18.3 

1 86: 

6 

Minerals and ammonium salts . . 

43 

992 

28.6 

303" 

7 

Minerals and ammonium salts . . 

86 

1192 

37-1 

4270 

8 

Minerals and ammonium salts . . 

120 

1392 

39-0 

478S 

16 

Minerals and ammonium salts . . 

172 

1592 

39'5 

52:: 


While the second addition of nitrogen produced almost as lante 
an increase as the first, the third addition gave but little increase of 
. grain, and the fourth still less, although the yield of straw was very 
appreciably increased, even by the fourth increment of nitrogen. 
For convenience a general summary of some of the more impoi'- 
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tantdata relating to wheat yields at Rothamsted is given in Table 


Table 64. Wheat Yields at Rothamsted 
Wheat, Bushels per Acre, Averages 


FiriiJ 

Broad- 

balk 

Hoos 

Agdfxl 

Agdell 

Agdell 

Broad- 

balk 

Broad- 

balk 

Broad- 

balk 


Wheat 


Turnips, 

Turnips, 

Turnips, 

Wheat 

Wheat 

Wheat 




Bariev, 

Bariev, 

Bariev, 


Everv 


CropSystem . . 



Fallow, 

Legume . 

Legume, 

Year: 

Year: 

^'car : 


Plot 3 


Wheat 

Wheat 

Wheat 

Plot 2 

Plot 8 

Plot i 6 








Minerals 

Minerals 

Soil Treatment . 

None 

None 

None 

None 

riio.', 


and 

ami 





1 ..nU-. 


120 lb. N 

172 lb. N 

1844-1851 . 

17.4 




— 

28.0 


30.8 

1851 . . . 

15-9 

(fallow) 

30-5 

28.5 

28.0 

29.6 



18S2-1867 . 

14.8 

25.2' 


— 

— 

35-0 

38-3 

39-5 ' 

1855.’ 59/63, ’67 

154 

23-5 

36-3 

3x4 

31.2 

35-6 

38.1 

41. 1 ^ 

(Xotc Change) 








None 

186S-1883 . 

11.4 

X 3-7 


— 


32.0 

34-1 

X 3.,3 

^ 8 "'/ 7 s/’ 79 , ’83 

9'2 

12.4 

19.9 

20.5 

25.8 

29.<S 

30.1 

II. r 









Minerals 

(Note Changes) 





Mimrals 



«o’lil. N 

1884-1899 . 

12.5 

I 5-9 


— 

— 

39-6 

384 1 

349 

'''^‘'^7/91/95, ’99 

12.7 

18.4 

28.9 

27.2 

40.5 

42.4 

38.0 

IQ00-1907 . 

10.4 

14.0 




. 35-3 

394 

32-7 

1903 1907 . 

• 8.4 

14.2 

18.3 

20.2 

32-9 

3 X -7 

. 35-3 

30.8 

^'^144-1875 ■. 

14.8 

21.4 

30.2 

28.1 

29-3 

.334 

37 c 5 


i 8 ;()-i 907 

xi -5 

14.7 

24-5 

23.6 

34-8 

35-8 

36.8 


I' 844 --I 907 . 

X 3 -I 

17-5 

27.2 

25-7 

32.2 

, 34-6 

^ 37 -x 




'Average of 15 crops. -Average of crops (1852 1864). 
’ Average of 3 crops (1855, ’59, ’f)3). 


Tn Table 64, the average wheat yields from the plots indicated 
grouped in two ways. First arc given the averages of all years 
those plots or twin plots (on Hoos field) which furnish a con- 
tinuous record; and, second, the averages are given only for those 
yt ^Hs when wheat was grown on Agdell field. 
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There are a preliminary and a final period of 8 years each, and 
three 1 6-year periods intervening. These figures show that the 
middle i6-ycar period (1868-1883) gives averages clearly below the 
normal, and that the average of the four years within that period 
are still lower, thus proving that even two 16-year periods may 
not positively establish by crop yields whether land is growing 
better or poorer. A comparison of the first and second 16-year 
periods indicates that all plots are growing poorer; while a com- 
parison of the second and third 16-year periods indicates that all 
plots arc growing better. 

Jn the lower part of Table 64 are recorded the average yields for 
all wheat crops grown in two 32-year periods, and these figures are 
the best that can be secured. They show decreases of 6.7 bushels 
with the wheat and fallow plot (Hoos field), 5.7 bushels with the 
fallow system, and 4.5 bushels with the legume system, on Agdell 
field, and 3.3 bushels decrease with unfertilized continuous wheat, 
which, however, is a greater percentage decrease than on either of 
the Agdell plots. It should be kept in mind,, however, that wheat 
is the only profitable crop now grown on the unfertilized Agdell 
plots. The yields increased slightly on the farm manure plot and 
very considerably where minerals and legumes were used on Agdell 
field. 

Finally, in the last line, are recorded the general average of all 
wheat crops grown on these plots since the experiments were be- 
gun, with extremes differing by 24 bushels, a difference which in 
64 years amounts to 1500 bushels more wheat from the applica- 
tion of plant food than could be obtained without it, in the same 
system of cropping. 

Table 65 gives, in brief, some of the very interesting and valuable 
weather records of Rothamsted, and for comparison is given the 
very trustworthy average rainfall records for northern, central, 
and southern Illinois, and Tennessee, as representing a wide range 
of latitude in central United States, with the average precipitation 
(including snow measured as water) varying from 33.48 inches in 
northern Illinois to 53.69 in Tennessee. (See also map showing 
average annual precipitation in the various parts of the United 
States.) 

The 50-year record gives practically 28 inches as the average 
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annual rainfall at Rothamsted, and of this amount 50 per cent passes 
off in drains, at a depth of 40 inches, and 50 per cent is evaporated, 
from a soil kept free of vegetation. Roughly, the evaporation from 
a bare soil may be regarded as a constant, to be subtracted from 
the rainfall to find the drainage, (and run-off, if any). Thus, ifwc 
regard 14.25 inches as the constant for evaporation at Rothamsted. 
the drainage should be 6.24 inches for 1898 and 24.44 inches for 
1903, while the actual records show 7.90 and 23.59 inches, respec- 
tively. 

Of course the evaporation can be markedly reduced by culti- 
vating the surface as soon as practicable after each rain, in order 
to destroy the capillary connection and to maintain a dust mulch, 
and thus largely preventing the rise of moisture to the surface. 
On the other hand, evaporation is greatly increased by growing 
crops, so that during the growing season the drainage would be 
less on the ordinary field than from the bare soil.^ 


Barley Every Year on Hoos Field, Rothamsted 

Table 66 presents in summarized form the data secured from 
Hoos field, where barley has been grown every year since 1852. 
These experiments help to answer some important questions con- 
cerning which neither Agdell nor Broadbalk give any information. 
The yields, as an average of 55 years, vary from 14.8 bushels on 
the unfertilized land, and 15.7 bushels where only the sulfates 
of potassium, magnesium, and sodium were used, to 43.9 busliels 
with sodium nitrate and acid phosphate, and 47.7 bushels vdth 
farm manure (15.7 tons a year). 

As an average of the 30-year and 25-year periods, the yields 
have decreased nearly 10 bushels per acre on all plots recei\ !ng 
nitrogen, undoubtedly because the 43 pounds of nitrogen was not 
sufficient for larger crops, after deducting losses by leaching. It 
will be remembered that the second addition of 43 pounds of nitro- 

^ Ingle reports some computations in his “Manual of Agricultural Chemistrv, 
page 76, in which the drainage is reckoned at about 86 inches; but probably 
intention was to use 8.6 inches, which would reduce his estimated “enormous 'os? 
of phosphoric acid” to a very insignificant amount quite in harmony with otl'ior 
data, such as he gives on page 77. 
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jrcn on Broadbalk produced 9.0 bushels of wheat per acre. A 40- 
biislicl crop of barley would remove in the grain and straw about 
56 pounds of nitrogen, in accordance with the average of many 
analyses; so that, where 40-bushel crops are produced with only 
43 pounds of nitrogen supplied, the soil is now being exhausted of 
its nitrogen content about as rapidly as on the unfertilized land. 
According to the analyses reported by Dyer, the nitrogen content 
of the soil to a depth of 27 inches decreased by 528 pounds per acre 
on ])lot A4 and by 841 pounds on plot N4 during the 14 years from 
1868 to 1882, while the nitrogen content of plot O4 actually in- 
creased by 81 pounds per acre. 

This problem is complicated by the fact that there is often con- 
siderable growth of leguminous weeds (especially of yellow trefoil) 
on plot O4. The decrease in yield from 24.2 to 15.5 bushels cer- 
tainly does not harmonize with any actual increase in the nitrogen 
content of plot O4, but it seems ycry certain that the nitrogen 
content of plots A4 and N4 was drawn upon during the 14 years 
at the rate of 40 to 50 pounds a year, of which jtrobably one half 
is lost in drainage, as an average. 

In the lower part of Table 66 are recorded some computed effects 
for (litferent elements under different conditions. Of cour.se, many 
other similar computations could be made from the data. In 
computations of this sort, the first effect should be determined for 
the most limiting clement, the next effect for the second limiting 
clement, etc. While it is of interest to compute the effect of ap[)ly- 
iny the most limiting element where all others have been ap[)lied, 
the result has no practical significance, because every application 
should pay for itself. 

It is evident that nitrogen is the most limiting clement for barley 
cn Hoos field, because the ammonium salts produce a greater in- 
crease alone than either acid phosphate or alkali salts. Pho.sphorus 
clearly the second limiting element. 

^Vhile the alkali salts alone had some power to increase the yields 
during the earlier years (probably due to their power to liberate 
I'hosphorus or encourage nitrification), their stimulating action 
during those years is indicated by reduced yields during the later 
C5 year period when plot O3 produced less than Or. Exactly the 
•''Sure conditions appear where alkali salts have been added to acid 



Table 66. Babley Every Year on Hoos Field, Rothamsted 
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phosphate (compare O2 and O4 for the 30-year and 25 vc'ar 
periods). 

Where nitrogen has been applied without phosphorus, the stimu- 
lating effects of the alkali salts is still apparent, probably bcciiusc 
they continue to liberate some phosphorus from the soil. Where 
both nitrogen and phosphorus are provided, the effect of the al- 
kali salts is most marked, and here it is increasing, very possibly 
because all of the potassium needed by the larger crops is not liber- 
ated from the soil on account of lack of decaying organic matter. 
Here it will be seen, however, that the sodium in sodium nitrate 
without potassium (plot N2) produces even better results than the 
alkali salts, including potassium (plots A4 and N4), but this com- 
parison is complicated by the fact that ammonia nitrogen and 
nitrate nitrogen may have different effects, and the chlorin and 
sulfate radicle may also produce some effect. 

It is of special interest to compare the marked residual effect of 
farm manure on plot 7-1, Hoos field, with the absence of such an 
effect from the heavy applications of commercial fertilizers (in- 
cluding 172 pounds of nitrogen) on plot 16 of Broadbalk field. (See 
Table 62.) However, it should be kept in mind that plot 7-1 re- 
ceived 314 tons of manure during the 20 years (1852 to 1871). 
which is ecjuivalent to almost 6 tons per acre a year for the entire 
55 years. 

At 40 cents a bushel for barley, the manure applied to plot 7-e 
has been worth about 85 cents a ton, while that applied to plot 7-1 
has already paid $1.36 a ton for itself, not deducting interest on 
investment or counting the remaining residual effect, plot Oi being 
used as the basis for comparison. 

A comparison of plots N2 and 7-2 shows the marked superior iiy 
of the farm manure in a dry season (1893), while the commercial 
fertilizers give nearly as good results in normal or wet seasons, and 
probably would surpass the farm manure if the nitrogen were in- 
creased sufficiently. 

If the 43 pounds of nitrogen cost $6.45 and the 29 pounds of 
phosphorus $3.48, and if barley is worth 40 cents a bushel, the 
amrnonia nitrogen has left a deficit of $1.97 a year for the 55 years, 
while phosphorus, in addition to nitrogen, has overcome $1.92 oi 
the deficit, leaving a net loss of 5 cents per acre per annum. 
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riic nitrate nitrogen practically paid for itself as an average of 
the first 30 years, but left a deficit of about $1 a year lor the 
subsequent 25-year period, of which, moreover, the last 15 years 
jhow an annual loss of $1.49. 

I’hosphorus added to nitrate has paid for itself and 60 [ler cent 
lu i profit as an average of the 55 years, and the effect of jihosphorus 
is apparently increasing where applied in this connection, whicli 
practically amounts to using it in addition to both nitrogen and 
jiotassium, assuming that the sodium has power to liberate potas- 
sium from the soil. If the nitrogen were secured from the air by 
clover, and if the potassium were liberated from the soil also by 
clover, plowed under directly or in manure, it is easy to see that 
applied phosphorus would be still more jirolitable, especially if 
the 29 pounds were applied in raw natural phosjihate at a cost of 
8y cents instead of in acid phosphate costing $3.48- 
ft should be remembered always that comjiutations based u])on 
increases compared with the yields from unfertilized land may 
indicate profits that would not be wholly realized if the total yield 
of the unfertilized land is not sufficient to pay for its own cost. 
Tn other words, if it costs more than the value of 14.8 bushels of 
barley to secure that yield, then the financial deficit from the un- 
fertilized land must also be overcome before any profit can be had 
from the use of fertilizers. 

Furthermore, in planning systems of permanent agriculture, we 
must also consider whether the apparent increasing gains are due 
solely to improvement resulting from soil treatment, or in part to 
the general depiction of the unfertilized land. Probably nothing 
is more difficult for the average landowner to realize than that 
vhat appears to be profit is in part at least taken from his own 
capital. This is very clearly illustrated in the Hoos barley experi- 
ments. Thus, with nitrogen on plot Ai, during the 15 years (1892 
to 1906), there appears to be an average increase in yield of nearly 
8 bushels per acre above the unfertilizcfl yield; but, by referring 
to the average for the first 10 years (1852 to 1861), it will be seen 
that the unfertilized yield has decreased by more than 12 bushels, 
fffi this basis, as an average of the last 25 years, the apparrat in- 
crease from nitrogen is wholly represented in the decrease in pro- 
ffiictive power, and consequently in the decrease in value, of the 
'unfertilized land. 
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Potatoes Every Year on Hoos Field, Rothamsted 

On another part of Hoos field potatoes were grown every )car 
for 26 years (1876-1901). There were several changes in the va- 
rieties grown, so that but little importance, at most, should be 
attached to the yields in successive periods as indicating decreas- 
ing or increasing fertility, except in those cases where the change 
is so regular and so marked as to leave no room for doubt. It is 
especially to be kept in mind that the variety “ White Beauty of 
Hebron ” was grown only during the last five years (1897-1901), 
During the previous 21 years the varieties grown were “ Rock 
for 4 years, ‘‘Champion ” for ii years, “ Sutton’s Abundance” 
for 5 years, and “ Bruce ” for one year, and, in this order, from 
1876 to 1896. Thus, the two five-year periods from 1882 to 1891 
should be comparable, but, of course, seasonal variation renders 
even that possible comparison of doubtful value. 

The special object of the experiment was to ascertain the effect 
upon the yield of potatoes of different fertilizing materials, as indi- 
cated in Table 68, which shows the general plan, the treatment 
applied, and the yields obtained each year. 

One of the points most clearly indicated by the data in Table 68 
is that “ White Beauty of Hebron,” grown from 1897 to 1901, 
was a very poor yielding variety. 

It may be said that 1879 was an exceedingly wet year at Rotham- 
sted, the rainfall being 2.79, 3.48, 5.55, 4.24, and 6.56 inches for 
the respective months April to August. 

In any consideration of these potato experiments, it should be 
kept in mind that potatoes are a market-garden crop, and constitute 
one form of intensive agriculture. An annual investment of S25 
to $40 an acre for fertilizing materials is not beyond consideration 
for a crop that may yield 300 bushels, that may be worth Si 50 
an acre. 

In the last lines of Table 68 are given the average yields for the 
first 6-year period and for the four successive 5-year periods, and. 
finally, the average for the 26~year period, followed by the several 
averages for the value of the increase and the cost of treatment. 

Since New York leads in the production of potatoes, the price 
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used in these computations is 50 cents a bushel (57.6 cents being 
the lo-year average farm price for New York State, anti also for 
Ohio), and the cost of manure is figured at $2 a ton; but these 
frrures should always be modified to meet average local conditions. 
'Hiey only help to summarize the results so as to bring to mind 
their economic importance. 

Thus, at the prices named, the treatment applied to ])lot 4 has 
cost S35.32 a year, and the increase produced has been worth $70 
a year, or sufficient to pay the cost and leave practically 100 per 
cent net profit. 

The ammonium salts on plot 5 have paid but half their cost, and 
the sodium nitrate alone has but slightly more than paid for itself, 
hy far the largest returns for money invested has been from acid 
jjhosphate on plot 9, which has paid for itself and added more than 
600 per cent net profit as an average of the 26 years. Indeed, the 
acid i)hosphate alone exactly doubled the average yield of 26 years. 

The alkali minerals, including 300 pounds of potassium sulfate, 
TOO ])ounds of magnesium sulfate (Epsom salt), and 100 jiounds of 
sodium sulfate (Glauber salt), have not paid their cost when used 
in addition to acid phosphate, the average annual increase of plot 
10 over plot 9 being only 7 bushels, and the annual cost S7.90. _ 

The largest average yield and the largest net profit per acre is 
from plot 8, which produces as much on one acre as were grown on 
four acres of untreated land. It should be noticed, however, that, 
during the last 10 years of the experiment, the farm maniim jilots, 
3 and 4, have forged ahead of the complete chemical fertilizers on 
plots 7 and 8. 

Director Hall makes the following statements in his book on 
‘‘ Rothamsted Experiments ” (1905) ■ 


“In the Hoos field, experiments upon potatoes were begun in 1876, and con- 
tinued for twenty-six years; they were then discontinued, because tie crop on 
plots receiving no organic manures had fallen to a rer, ow c ) > in conse 
'lutiice of the deterioration of the texturcof the soil. But on the idnts receiving 
farmyard manure, and even on those receiving only a eomplcle arlfcial manure 
(plots 7 and 8), the crop was maintained in favorable seasons. . o a ing o ^ 
"OS observed which could be attributed to the land haying become sick 
Ihrough the continuous growth of the same crop, or through the accumuiat.on 
of disease in the soil.” 
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It should be noted that the average yields on plots 3, 4, and 8 
increased during the fifteen years previous to the last five, when the 
“ Beauty of Hebron ” variety was introduced; and, as an average, 
the farm-manure plots yielded higher during the five years ending 
1896, than during the six years beginning 1876, notwithstandino 
the addition of acid phosphate during the earlier period. 

During the first six years the use of $150 worth of plant food on 
plot 8 produced $615 worth of potatoes, above the 85-bushel yield 
on the untreated land, which is also the lo-year average yield of 
potatoes for New York State. Even when used in addition to 
manure, during the first six years, acid phosphate, as well as phos- 
phate and nitrate, paid 100 per cent net profit on the investment; 
but no test was made with manure and nitrate without phosphate. 

These Rothamsted data furnish no information concerning the 
effect of potassium, except that it failed to pay its cost bn plot ic. 
It might be said that all but 9 bushels of the 196-bushel increase on 
plot 7 should be credited to the minerals (compare plot 5), but how 
much of this increase would have been produced by acid phosphate 
and ammonium salts is not revealed; on the other hand, nitrogen 
must be credited with the increase from plot 7 above plot 10; all 
of which means that phosphorus is the first limiting clement and 
nitrogen the second, for the growth of potatoes on this normal soil. 

To maintain satisfactory soil texture and to provide for the 
liberation of potassium, magnesium, etc., from the immense su])])!}' 
in the soil, liberal applications of manure should be made, and for 
the improvement of the subsoil the growing of clover in rotation will 
produce benefits that manure cannot produce. On the other hand, 
in such intensive agriculture, there is large profit in a moderate 
use of commercial nitrogen, especially in such form as sodium 
nitrate, which also furnishes sodium as a soil stimulant. 

Whether one should use raw phosphate or acid phosphate, m 
connection with the manure, clover, and sodium nitrate, is not 
established, but the Rhode Island and Wisconsin data indicate that 
potatoes are able to utilize the raw phosphate to some extent , and 
(in Rhode Island) even without adequate provision for decaying 
organic matter. It would seem advisable, however, to use the acid 
phosphate until the raw rock has been more thoroughly tested tot 
potatoes, especially considering that the expense for phosphorus. 
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even in acid phosphate, is one of the smallest items in the produc- 
tion of this expensive and valuable crop. 

Residual Effect of Fertilizers on Hoos Field 

Any one who has made himself acquainted with the 26-year 
potato experiments on Hoos field will naturally be interested in the 
further history of those plots. The data reported since 1901 arc 
Avon in Table 69, following a summary of the soil treatment and 
potato yields. 

The barley yields for 1902 are in harmony with the common ex- 
perience that potatoes leave an excellent seed bed for a succeeding 
crop of barley or wheat; and the residual effect for one year is also 
very marked where nitrogen has been apjtlicd, as was the case witli 
continuous wheat on plot 16 of Broadbalk field. Even the first 
barley crop on plots 9 and 10 are no better than on plots i and 2 , 
clearly showing that nitrogen was the limiting clement for the quick- 
knowing barley crop. Aside from the farm-manure plots, much 
less residual effect is apparent after 1902; and, in all cases where 
the treatment is comparable, the barley yields of these plots in 
1003 were less than on corresponding plots in the same field (Hoos) 
where barley had been grown every year for more than half a 
century. 

If we keep in mind that nine of the eighteen plots of continuous 
barley produced more than 36 bushels per acre in 1902, also that 
four of the ten plots where potatoes had been grown for 26 years 
produced less than 36 bushels of barley in 1902, and that the 
krgest average yield of potatoes from the farm-manure plots (3 
4), either for one year or for five years, was secured after pota- 
toes had been grown on the same land every year for more than 
httecn years, then the following statement -by Whitney seems 
dearly inapplicable: 

‘'One of the most interesting instances going to show that toxic substances 
‘’’'O' formed and that what is poisonous to one crop is not necessarily poisonous 
injurious to another is a series of experiments of Lawes and Gilbert — the 
growing of potates for about fifteen years on the same field. At the end of 
'ds ])ciiod they got the soil into a condition in which it would not grow iKitaloes 
all. 'pjjg gQjj exhausted, and under the older ideas it was necessarily 
'kdeient in some plant food. It seems strange that, under our old ideas 
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of soil fertility, if the soil became exhausted for potatoes, it should grow any 
other crop, because the usual analysis shows the same constituents present in all 
of our plants, not in the same proportion, but all are present and all necessary, 
so f ir as we know. This field was planted in barley, and on this experimental 
pl(jt that had ceased to grow potatoes they got 75 bushels of barley.” ' 

While the avoidance of possible injury to plants from the pos- 
sible toxic substances that may possibly be excreted from the roots 
of the same kind of plants is by no means precluded from among 
the possible benefits of crop rotation, the Rothamsted data fur- 
ni.sh little evidence in favor of such a theory, and even less in sup- 
port of the Whitney theory, that crop rotation alone will maintain 
the fertility of the soil. On the other hand, the residual clTcct of 
the farm manure applied to plot 3 (Table 69), previous to 1882, 
is still apparent after the removal of twenty-five crops, in com- 
parison with the unfertilized land. 

Clover was seeded in 1905 on plots 6, 8, and 10, and cowpeas on 
l)lots 5, 7, and 9. The cowpeas failed, and in 1906 clover was seeded 
on 5, 7, and 9. The clover yields thus far reported are recorded 
in Table 69. They are of some interest for comparison with the 
1906 clover on Agdell field (Table 56), where clover sickness ” has 
been recognized by the Rothamsted Station as the probable cause 
of frequent failure during more than half a century. I'herc is much 
evidence to show that soils frequently become “ sick ” from the 
continuous growing of flax and of certain legume crops. “ Clover 
sick ” land and ‘‘ bean sick ” land arc expressions common to 
nearly all countries. Cowpea wilt and flax wilt arc well understood 
fungous diseases, and the evidence thus far secured indicates that 
clover '' sickness ” is also due to a fungus rather than to any pos- 
sible toxic excreta, (See below.) 

Hay Every Year from Permanent Mkadow at Rothamsted 

In 1856, experiments were begun at Rothamsted in top-dressing 
meadow land with various fertilizing materials, as indicated in 

' From page 14 of Farmers’ Bulletin 257, U. S. Department of Agriculture, 
careful student is advised to secure a copy of this interesting bulletin and 
Bulletins 22 and 55 of the U. S. Bureau of -Soils in which are set forth in greater 
m the unique theories of Whitney and Cameron concerning soil fertility. They 
' id be read in connection with Circulars 72, 105, 123, 124, and 129, of the Uni- 
'rr.^ity of Illinois Agricultural Experiment Station. 
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Table 70. The land was known to have been used for meadow and 
pasture for at least two centuries previous to the beginning of tliese 
experiments. 

The field was known asThe Park, and consisted of normal, nearly 
level upland soil, very similar to Agdell, Broadbalk, Hoos, and 
other Rothamsted fields, except that The Park had not been heav- 
ily chalked in the earlier years, while the other Rothamsted fields 
(with the exception of Geescroft at least) had received chalk dress- 
ings probably amounting to 100 tons or more of calcium carbonate 
per acre. 

The Rothamsted Station has no knowledge of any grass seed 
ever having been sown on The Park, either before or since the 
beginning of the experiments. From 1856 to 1874 only the first 
crops were harvested and weighed as hay, the second crops having 
been fed off by sheep, as a rule, and the sheep having been con- 
fined upon the plots so that the droppings were returned to the 
respective plots. Since 1874, the second crops, when sufficient in 
amount to justify it, have also been harvested and removed as hay, 

On a few plots the treatment was not fully decided upon until a 
few years after the beginning of the experiments. Thus, plot ii 
was divided in 1862, when the addition of sodium silicate was 
begun on 1 1-2. At the same time the application of potassium was 
discontinued on plots 8 and 10 and the sodium sulfate changed from 
200 pounds to 500 pounds for 1862 and 1863 and then to 250 
pounds. The periods represented in the first column of averages 
vary from 7 to 10 years. 

In studying the results from Table 70, it should be kept in mind 
that all applications have been made only as top-dressings; and, 
consequently, that benefit could be expected only from those 
materials which were sufficiently soluble to permit of their being 
carried into the soil to the depth where the plant roots secure 
considerable amounts of their food supplies. It should be kept in 

Notes to Table 70. The “minerals” regularly included 392 lb. of .'uid 
phosphate (400 lb. of b.asic slag, 189/ to r902), 500 lb, of potassium sulfate (30c !!'• 
for 1878 and previously), 100 lb. of magnesium sulfate, and 100 lb. of sodiuw 
sulfate (200 lb., 1856 to 1863), but where potassium was omitted (plots 8 and i - r 
the sodium sulfate was increased to 250 lb. from 1864 to 1904. The farm maniiw 
applied to plots i and 2 was at the rate of 15.7 tons per acre for the eight years, 
1856 to 1863. 
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mind, also, that soluble acid phosphate is almost immediately 
converted into an insoluble form when brought in contact witii 
ordinary soil, and that alkali salts have ijiore or less power to make 
phosphates soluble. 

The yields harvested for the first and second lo-year periods 
are comparable for most plots, and this is also true for the followino 
2o-year and lo-ycar periods; although the yields of first crops 
only (1856 to 1875) cannot be compared with the yields of two 
cuttings (1876 to 1905). The double comparisons plainly indicate 
that the yield of hay is decreasing on all plots except those to v hich 
minerals are applied without nitrogen (plots 5, 6, 7, and 15) orwith 
organic matter (plot 13). The largest percentage decrease during 
the last thirty years has occurred on the unfertilized land ([dots 
2, 3, and 12) and on plot i, where ammonium salts and heavy 
applications of farm manure were used during the eight years, 
1856 to 1863, and ammonium salts alone thereafter. Marked 
decreases have cflso followed the use of acid phosphate and ammo- 
nium salts, either separately or together; while the addition of 
alkali salts with both nitrogen and phosphbrus has lessened the 
decrease, but not entirely prevented it. 

Plots 6 and 7 appear to have reached an equilibrium, having 
produced about the same yield during the last lo-year period as 
during the previous 20-year period, and plot 15 appears to be in 
the same class during the last lo-year period. 

A most striking fact is the controlling influence of the alkali 
salts; but there is no plot receiving alkali salts alone, and the 
question again arises whether the effect of the alkali salts is more 
largely direct or indirect. Here, as on the Broadbalk field, the mag- 
nesium and sodium salts have produced a marked effect, as will be 
seen from plots 8 and 10 in comparison with plots 4-r and 4-2. 
Thus, as an average of the thirty years, 1876 to 1905, the addition 
of 250 pounds of sodium sulfate and 100 pounds of magnesium sul- 
fate increased the yield of plot 10 over that of plot 4-2 by 124.1 
pounds of hay per acre per annum; but increasing the application 
of alkali salts from 350 pounds to 700 pounds, by substituting 500 
pounds of potassium sulfate for 150 pounds of the sodium sulfate- 
produced a further increase of only 1009 pounds of hay on plot 9; 
while the further addition of 400 pounds of sodium silicate on plot 
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II-2 produced an increase of 845 pounds of hay over plot ii-i, 
as a 30-year average. When we remember that the sulfates of mag- 
nesium and sodium contain large amounts of water of crystalliza- 
tion, and that potassium sulfate is an anhydrous salt, the value of 
potassium for its own sake is still more questionable. 

Attention is called to the fact that the total weight of salts 
applied to the best-yielding plot (11-2) is greater than the total 
weight of field-cured hay produced on the unfertilized land, as an 
average of the last lo-year period. 

It seems very probable that the benefit of the alkali salts is due 
in part at least to their power to increase or maintain the solu- 
bility of the phosphorus, and thus provide a means by which that 
clement js carried deeper into the soil, where it may be taken up 
by the plant roots. Even then it is probable that a very consider- 
able part of the phosphorus applied to The Park plots during the 
past half-century still remains within an inch or two of the surface. 

The botanical composition of the herbage (first croj^s only) is 
given in the last four columns of Table 70; first for the average of 
nearly fifty years, and second for the season of 1902. It is esjie- 
cially interesting to note the large percentages of legumes on pilots 
6, 7, and 15, which receive the minerals alone and conscf|uently 
must depend upon legumes for a supply of nitrogen. Plot 8 (miner- 
als, except potassium) shows the next highest iiercentagc of leg- 
umes in 1902; and, in proportion to the actual ap|)lication of 
anhydrous alkali salts, this is relatively higher than the figures 
indicate. 

Plot 16, which receives the minerals and the smaller ajiplication 
of nitrate, shows about the same percentage of legumes as the 
unfertilized plots and the acid-phosphate plot. Where heavy 
ap])lications of nitrogen are used, the legumes are almost lacking, 
and entirely so in a few cases. 

On some plots the herbage is largely weeds. Thus, the 1902 crop 
of plot 2 (unfertilized since 1864) consisted of 30 per cent of 
"fusses and legumes and 70 per cent of weeds, so that the produce 
i^ deteriorating in quality as well as in yield. 1 he following state- 
ment by Lawes and Gilbert was published in 1900: 

“The total number of species that have been observed on the plots is 89, com- 
prised in 63 genera, and 22 orders; whilst, to take some of the more important 
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orders, there have been found — of Gramincje (grasses) 20 species, of 5 genera' 
of Leguminosae 10 species, of 5 genera; of Compositse 13 species, of 12 genera' 
of Umbelliferai 5 species, of 5 genera; of Polygonaceae 3 species, of i genus’ 
of Ranunculace® 5 species, of i genus; and of Plantaginaceae 2 species, of j 
genus. The majority of the 22 orders are, however, represented by onl)- one 
two, or three species, and only one genus each. To take an example, it mav 
be stated that the herbage of the unmanured plot comprises about 50 species 
and that any kind of manure — that is, anything that increases the growth of 
any species — induces a struggle, greater or less in degree, causing a greater 
or less diminution, or a disappearance, of some other species; until on some 
plots, and in some seasons, not more than 15 species have been observable 
indeed, on some, after a number of years, no more than this are ever traceable." 

Director Hall reports that in 1903 about 97 per cent of the prod- 
uce from plot n-i (ammonium salts and minerals) consisted of 
three species: false oat grass (Arrhenatherum avenaceum), 
meadow foxtail {Alopecurus pratensis), and meadow soft gras.s 
{Holms lanaius). On plot 14, which receives nitrate and minerals, 
the herbage is quite similar except that about 45 percent of meadow 
soft grass is replaced by 23 per cent of soft brome grass {Bromus 
mollis), 9 per cent of blue grass {Paa pratensis), 3 per cent of 
meadow pea {Lathyrus pratensis), and to per cent of wild beaked 
parsley [Anthriscus sylvestris), a weed practically never found 
on any other plot. 

The herbage of plot 7 (minerals) in 1903 included 4.27 per cent 
of white clover, 6.41 per cent of red clover, .43 per cent of bird-foot 
trefoil {Lotus corniculatiis) , and 22.04 per cent of meadow pea; 
while plot 8 (minerals except potassium) showed 1.25 per cent of 
white clover, 1.38 per cent of red clover, 12.24 per cent of bird-foot 
trefoil, and 3.70 per cent of meadow pea. Yarrow {Achillea milk- 
folium) is a common weed (i to 10 per cent) on plots 6, 7, 8, and 1 5. 

The produce of plot 6 (changed from ammonium salts to min- 
erals in 1869) contained sorrel {Rumex acetosa) to the extent of 
12. II per cent in 1862 and 24.27 per cent in 1867, which droppvl 
to 7.51 per cent in 1872 and to 5.24 per cent in 1903. Plot 5 showed 
14.84 per cent of .sorrel in 1903. Lance-leaf plantain was found to 
the extent of 1.98 per cent on plot 3 (unfertilized), 2.49 per cent 
on plot 4-1 (acid phosphate), 5.85 per cent on plot 8 (minerals 
except potassium), and 10.70 per cent on plot 17 (sodium nitrate - 
in 1903. 
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The number of species found in 1903 varied from 10 on plot ii-i 
IQ 4- on the unfertilized plot 3. On plot 3 there were 16 species 
varving in amount from .59 per cent to 5.98 per cent, while 3 
species were present in large quantity; namely, 20.15 P^-'r cent of 
(juaking grass {Brim media), 17.45 per cent of sheep’s fescue grass 
[Ycilnca ovina), and 13.81 per cent of theburnet weed {Potcriuni 
mqnisorhia). For a more complete discussion of the jirodiicc 
from The Park, see pages 150 to 189 of Director A, D. Hall’s book, 
“■ The Rothamsted Experiments.” 

In considering the financial aspect of these cx]X'rimcnts, 
jirobably we cannot do better than to take 2600 pounds of hay, 
the average of plots 3 and 12 for the fifty years, as a general basis 
of comparison, and then figure the increase in the yield of mixed 
hay at $3 per 1000 pounds, or $6 per ton, which allows more 
than S3 per ton for the extra expense of harvesting, stack- 
ing, baling, and marketing, and for loss, based upon the lo-year 
average price for central United States. 

On this basis the top-dressing with $3.48 worth of acid phosphate 
l)ro(luced practically no effect, the average increase of 18 pounds 
of hay per acre being worth about 5 cents. 'Phe use of $12.90 
worth of ammonium salts on plot 5 jiroduced $1.19 worth of hay; 
hut with both ammonium salts and acid ])hos])hate (plot 4-2) the 
increase was worth $3.98 (cost $16,38). The addition of alkali 
sails on plot 7 has increased the yield over i)lot 4-2 by 2197 pounds 
of field-cured hay, worth $6.59, but the average cost of the potas- 
sium itself is more than $10. 

The total increase on plot ii-i over the unfertilized land is 
4')oo pounds, or $14.70, while the total cost amounts to more than 
'^55. As an average the minerals on plot 7 paid less than half 
their cost, but as an average of 40 years the wheat straw was 
'■'orth about $2.60 a ton as a fertilizer for the increase it produced 
on plot 13 above plot 9; or as a substitute for nitrogen, at 15 
cents a pound, the straw was worth $4.85 a ton. (See plot ii-i.) 

An investment of $6.45 in sodium nitrate, aj^plied alone to plot 
U- returned $4.14; but, if the hay were figured at $io a ton net, 
if would have been worth $6.90, thus showing an average jirofit 
of 45 cents per acre per annum, if we disregard the gradual decrease 
‘0 yield of the unfertilized plots, which, however, cannot be ig- 
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nored in planning systems of permanent agriculture. With hay at 
$J5 to $25 a ton, which are common prices near the large Eastern 
markets, very satisfactory profits may be made by top-dressing 
timothy meadows with 200 pounds or more of sodium nitrate, or 
with perhaps 300 pounds each of sodium nitrate, acid phosphate, 
and kainit. As a rule, smaller applications will give the greater 
profit for the money invested in fertilizers, but larger amounts mav 
yield still greater profit per acre, especially when the price of hay 
is $20 or more. 

On the other hand, at tbe average prices that can be counted on 
for the Central states, the data from the Rothamsted investigations 
afford no evidence of profit from the use of commercial nitrogen or 
potassium salts or acid phosphate or any combination of these ma- 
terials, for top-dressing permanent meadows. 


Root Crops on Barn Field, Rothamsted 

While some important experiments with turnips were made by 
> Sir John Lawes, even before 1840, the principal individual plot 
records date from 1845; with the exception of three years 
when barley was grown without the annual fertilizing (1853- 
1855), root crops have been grown every year on this part of Barn 
field. 

These experiments were made more extensive in 1856, as will 
be seen from Table 71, which gives certain average yields in four 
periods, from 1845 1870, and the detailed records of sugar beets 

grown on these plots from 1871 to 1875, the last two years without 
the full yearly application of fertilizers. The last column shows the 
percentage of sugar in the beets in 1873, which was apparently a 
normal season and the last in which the fertilizers were applied 
in full for the sugar beets. From these data, the sugar per acre can 
be computed, but it should be kept in mind that the yield of beets 
is given in tons of 2240 pounds and for roots with only the leaves 
removed. The fertilizers applied were in general the same as those 
specified in Table 716. 

It will be seen that the first year sugar beets were ever grown on 
this field the yield varied from 5.05 tons to 28.90 tons,— a fact which 
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Table 71. Root Crops on B.^rn Field, Rotitamsted 

Yield per Acre of Roots, in Long Tons (2240 lb.) 


So:i. Treatment Every Year 

(About 43 lb. N till i860 ; then 86 
Plot | lb. Nothing applied for the Bar- 
Xo. Icy, and no Manure, Rape Cake, or 
Nitrogen applied for 1874 or 1875. 

! About 300 lb. Potassium Sulfate 
i till 1871; afterward 500 lb.) 


Sugar Beets (Vilmorin’s) 


Farm manure (14 long tons) . 
Manure and phosphate . . 
Unfertilized since 1843 . . 

Minerals (P,K, Mg, Na.S, Cl) 

Acid phosphate 

Phosphate and pot. sul. . . . 
Phos., pot, and amm. salts (8 lb. 
Unfertilized since 1833 


Nitrate and farm manure 
Nitrate, manure, and phosphate 
.Sodium nitrate .... 
-Nitrate and minerals . . 
Nitrate and phosphate 
Nitrate, phosphate, and pot. sul. 
Nitrate, phos., pot., amm. salts 
Sodium nitrate 


•Amm. salts and farm manure . 
.\mm. salts, manure, phosphate 
Ammonium salts .... 
Amm. salts and minerals 
Amm. salts and phosphate . 
Amm. salts, j)hos., and pot. suL 
Amm. salts, phos., and pot. sul. 
Ammonium salts , . . 


Amm. salts, rape cake, and manui 
Amm. salts, cake, manure, phos. 
Amm. salts and rape cake . 
-Amm. salts, cake, and minerals 
-Amm. salts, cake, and phosphate 
Amm. salts, cake, phos., and ix>t. 
Amm. salts, cake, phos., and pot. 
Amm. salts and rape c.Tke 


Rape cake and farm manure . . 
Rape cake, manure, and phosphate 

Rape cake 

Rape cake and minerals . . 

Rape cake and phosphate . 

Rape cake, phos., and pot. sul. 
Cake, phos., pot., amm. .siilts 
Rape cake 


Fi 


8 !« 3 ' 

8.70. 

3-,30 
6.O0 : 

5.80 

6-.3olk?-,S: 

6.75;2I.o< 
3 OS, 17 OS 


'Si 

.S.80; , 
t 8.40 7 -'oi . 


16.15 M-bs! 
17.00 16.051 
15. yo l.UO.s l 
1585 1-4 to '- 


not suggest that the principal office of farm manure anil rape 
Cdke is to destroy ‘toxic excreta from the roots of sugar beets. 

In Table yii are recorded the yields of mangel roots since 1876, 
averages of 5-year periods for 30 years, and for single years 
subsequently. (SAvede turnips were grown in igo8, after the man- 
gcis failed, the yield of turnips varying from 1.34 to 13.01 tons.) 
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Table 71B. Mangel-wurzel on Barn Field, Rothamsted 
Yield per Acre of Roots, in Long Tons (2240 lb.) 


(Except no Nitrogen Salts 
in 1885 and igoi; 500 Po- 
tassium Sulfate applied to 
Pin's 2 for i8q 5 and since, 
and Minerals with No Potas- 
•sium or Pixtra. Nitrogen ap- 
plied to Plots 7 for 1903 and 
Since) ' 


O7 


Farm manure (14 long tons) 
Manure and phosphate . . 
Unfertilized since 1845 . . 
Minerals (P,-K, Mg, Na, S, Cl) 
Acid phosphate .... 
Phosphate and pot. sul. . . 
Phos., pot., and amni. salts 

{ 81 b. N) 

Unfertilized since 1 853 . . 
Nitrate and farm manure . 
Nitrate, manure, and phos- 
phate 

Sodium nitrate .... 
Nitrate and minerals . . . 

-Nitrate and phosphate . . 
Nitrate, phosphate, and ix)t. 

sul 

Nitrate, phos., pot., a mm. 

.salts 

Sodium nitrate .... 
Amm. salts and farm manure 
-Amm. salts, manure, phosphatel 
Ammonium siilts .... 
Amm. s.alts and minerals . . 
Amm. sjiltsand ])hosphatc . 
Amm. s;ilts, phos., and ix)t. sul, 
.Amm. salts, phos., and ixil. sul, 
-Ammonium sahs .... 
Amm. salts, mix' cake, and 

manure 

-Amm. salts, rake, manure, 

phos 

-Amm. salts and ravje cake . 
-Amm. salts, cake, and minerals] 
Amm. salts, cake, and phos. 
Amm. salts, cake, jjhos., and 

pot 

Amm. .salts, cake, phos., and 

pot 

■Am m. stilts a nd rape cake . 
Rape cake and farm manutc 
Rape cake, manure and phos. 
Raiae cake (2000 |X)unds) . 
Rape cake and minerals . . 
Rai^e cake and phosphate . 
Rape cake, phos., and pot. sul. 
Cake, phos., pot., amm. salts 
Rape cake (2000 pounds) . 


(?) 

(?) 

I none 
none 
none 
none 


< 

Average Yields 

Late Yielk 
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21.80 

18.05 

20.69 
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1202 
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S.51 
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892 

4- SO 

4-75 

4.20 

4-«5 

4.40 

3-63 

5-31 

S.78j 3.,i3 

929 

6.00 

6.60 

5-05 

6.00 

S-85 

4-44 

5-44 

6.59! S-:?' 

none 

3-4S 

4-2.5 

3-50 

4.40 

4-0.5 

3.13 

3.67 

5-15 I•,14 

550 

20.85 

23.45 

20.95 

29-65 

26.90 

30.32 

,30.31 

41.4 Y 

042 


25-05 

22.55 

25.80 

28.05 

31-24 

,30.24 

42.1,^12.41 


13-30 

12.90 

13-05 

12.80 

18.25 
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18.40 

14-20 

18.9s 
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13.98 
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16.45 

14.65 
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16.15 
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1479 
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16.05 
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21.92 
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10.15 

10.00 

6.00 

1 1 -45 

r 1 .06 

10.25 

1S.60' 2. 71) 

400 

23.00 

21-35 

20.10 

25.00 

18.70 

24.34 

25-69 

33.52 !1.0t 

792 

22.70 

21.45 

19.75 

22.60 

23.75 

30.15 

30.95 


400 

8.15 


6.35 

4-95 

6-95 




1692 

I5-S5 

16.10 

14.80 

12.80 

14-95 

16.08 

12.29 

26.68' 11,4? 

■92 

0.70 

8.00 

8.10 

s-70 

6.60 

6.93 

3.85 

10.88, (1,42 

1202 

14.00 

14.40 

13.65 

12.80 

14-65 

15-46 

16.381 

25.2240.0; 

1329 

14-65 

14-65 

14.70 

13.25 

14.85 

16.51 

16.95 

26.52 io..'4 

400 

7-05 

5.45 

6.15 


6.20 

6.01 

6.36 

0-87 2-,'; 

400 

24-95 

25.15 

21.45 

28.55 

i 20.50 

26.54 

26.82 

34.29' io.cS 

792 

24.10 

24.90 

21-55 

26.25 

25.80 

■34.15 

32.06 

43.52' It. to 

4<3o 

I T.8O 

0.95 

10.40 

0.85 

7.8s 
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1602 

24.40 

26.90 
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2S.65 
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31-52 

26.31 

40.07 ri.j3 
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12.50 

71. 25 

10.50 

10.35 

7.60 

8.44 

6.57 

11.26 J.4i 

1292 

21.05 

24.10 

19.65 

25.80 

1 20.70 

27.77 

25.28 

35.88- ()..=2 

1329 

20.80 

23.60 

20.50 

24.25 

21.00 

29.70 

28.19 

34.38' o.:-, 

400 

[2.00 

0-7' 

0.50 

0-75 

8.70 

8.22 

8.05 

10.00 

— 

2T.0-- 

25-15 

21-55 

20.80 

22.25 

2.5.13 

25.26 

35-0-' '■’) 
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1 24-40 

21.40 

,28.25 

24-75 

30.57 

30.10 
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12.40 

12.50 

11.50 

ir.80 

8.00 

0.80 

8.03 


892 

16.25 

19-3.5 

16.30 

22.30 

18.05 

21.16 

I21.66 

28.15 '-i'’ 

920 

!i6.0o’ 

20.75 

17-15 

22.65 

18.15 

26.83 

j24.68 

30.50 -■■■'3 



10.35 

9-75 

11-45 

8.30 

8.84 

9.93 

13-24 -I-’- 


These data are presented for examination by the reader, and only 
a few special points will be referred to here. The records of 
and 1901 are not included in the averages because, owing to un- 
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favorable conditions, no nitrogen salts were applied for those years. 
For the same reason the records for plots N3 to N8 and A3 to AS 
are not used for 1903. The Rothamsted Station reports that, 
owing to very heavy rains in November, 1894, flooding the lower 
parts of the experimental mangel field, and washing soil from the 
farm-manure plots, especially on to plot O3, and to a less degree 
on to plotN3, there is no doubt that' the results from those plots 
arc too high for 1895 ^^nd each year since. Of late years no data are 
reported from plot 3, but the No. 8 plots arc sufficient. 

As explained in the table, 500 pounds of ])otassium sulfate has 
been applied since 1895, in addition to the other regular treatments, 
to plots O2, N2, A2, AC2, andCn; and for 1903 and since the 
application of potassium and the extra nitrogen (8 jiounds ])er acre) 
has been discontinued on plots O7, Ny, Ay, ACy, and Cy, but in- 
stead those plots have received the full minerals, except potassium. 

The “ minerals ” regularly include 392 pounds of acid phospliate, 
500 pounds of potassium sulfate, 200 pounds of magnesium sul- 
fate, and 200 pounds of common salt (.sodium chlorid); but from 
1896 to 1902 the acid phosphate was replaced throughout by slag 
])hosphate. 

The mangel leaves are each year spread over the respective 
l)lot, and thus returned to the soil. 

It had been suggested that plants with large leaf surface, like 
the mangel, could probably secure sufficient nitrogen from the air, 
in the form of ammonia or possibly as free nitrogen, for their full 
requirement, provided a small anaount of available nitrogen was 
furnished to give the plants a good start; and because of this the 
special 8 pounds of nitrogen were applied to plots Oy, Ny, Ay, and 
f'y until 1902, after which the treatment for those })lots was 
changed as stated. 

Where no other nitrogen was supplied (plot Oy), the 8 pounds 
increased the yield of mangel-wurzel by 1.36 tons as an average of 
-5 years. At $1.50 per long ton this increase woukl be worth $2.04 
per acre, while the nitrogen would cost only $1.20 at 15 cents a 
pound. Two points must be kept in mind, however; first, that the 
^otal crop on plot 08 was produced at a loss; second, that the 
increase from the phosphorus and pota.ssium applied to jilot 06 
n as worth less than 10 per cent of the cost of those elements. 
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Where organic nitrogen was applied in rape cake, the additional 
8 pounds of soluble nitrogen produced only two thirds of a ton in- 
crease, which would be worth less than the cost of the nitrogen, at 
the price used. 

It may be stated that the first crop of mangel-wurzel (1876) on 
plot 08 was 5.45 tons, while the same plot produced 6.95 tons in 
1898 and 7.75 tons in 1900. Plot N4 produced 25.05 tons in 1876, 
and several plots produced still higher yields, the highest being 
31.45 tons on plot ACi. 

Since 1904, the 200 pounds of sodium chlorid has been omitted 
from one half of plot N4, which receives sodium in the nitrate. 
The subsequent yields for this half have been 24.69, 16.69, 35.15 

tons per acre for the years 1905-1907, or distinctly more than where 
the common salt was included, as will be seen from Table 71&. 

Of special interest is the evident effect of the potassium applied 
to plots 2 for 1895 and since. The previous records indicate that 
the heavy applications of manure had furnished sufficient phos- 
phorus for the crops grown, and the yields since 1895 plainly show 
that potassium was the limiting element wherever nitrogen had 
been applied in addition to the farm manure. Since phosphorus 
is also applied to plots 2, it is impossible to determine what in- 
crease would have been made by potassium without the added 
phosphorus; but on plots A2, AC2, and C2 the yields since i8()5 
have averaged about 5 tons more than on the No.* i plots. The 
sodium applied in the sodium nitrate on jilot Ni appears to produce 
almost the same effect as the potassium applied (since 1895) to 
plot A2. It will be observed that phosphorus produced an appre- 
ciable effect on N2 from 1876 to 1890. 

As an average, one ton (2000 pounds) of mangel-wurzel contain.s 
about 3.6 pounds of nitrogen, .5 pound of phosphorus, and 6.6 
pounds of potassium, and the average requirements for such an 
enormous crop as grew on plot AC2 in 1907- would be about 17^ 
pounds of nitrogen, 24 pounds of phosphorus, and 330 pounds 01 
potassium, for the roots only. If we assume the farm manure to 
have 10 pounds of nitrogen, 2 pounds of phosphorus, and 8 pounds 
of potassium per ton of 2000 pounds, the annual applications now 
being made to plot AC2 contain about 340 pounds of nitrogen, 
60 pounds of phosphorus, and 360 pounds of potassium. On this 
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basis, the crop of 1907 required for the roots alone, 180 pounds 
more potassium than was supplied in the manure and rape cake; 
and it seems remarkable that the 141 pounds of sodium on plot 
Xf produced almost as great an effect as the 210 pounds of 
potassium on plot AC2. 

It is of interest to note that the total supply of potassium con- 
tained in the surface soil (6| inches deep) of the peat lands of New 
York or Illinois, for example, would be sufficient for less than 10 
such crops as were grown on plots Ni, N2, A2, AC2, AC4, and C2, 
of Barn field, Rothamsted, in 1907; and that even the total ])otas- 
sium in 2 million pounds of the most common type of soil in the 
Illinois wheat belt (gray silt loam prairie, lower Illinoisan glacia- 
tion) would be sufficient for only 75 such crops, although it would 
be sufficient for 50 bushels of wheat ])cr acre every year for 19 
centuries, if the straw is returned to the land. 

Abandoned Lands at Rothamsted 

Since 1882, a piece of Broadbalk field, which had been cropped 
with wheat every year since 1844, has been abandoned to nature, 
except that trees and shrubs have been kejit out. Likewise, a 
piece of Gcescroft field, which had been used for beans from 1847 
to 1881 (only four crops grown during the last ii years), and for 
clover from 1882 to 1885, has been abandoned to volunteer vege- 
tation since 1885. 

Nothing has been harvested from these pieces of land, not even 
by pasturing, since they have been left to “ lie out,” or “ run wild.” 

The most marked difference that has dcvelojicd between the 
Herbage of the two fields is the absence of legumes on Gcescroft 
and the abundance of legume plants on Broadbalk, although 
Broadbalk was abandoned with a wheat crop standing on it (of 
\vhich some volunteer plants continued to appear for three or four 
years), while Geescroft was in clover when abandoned. Observers 
including Sir John Lawes ‘) commonly attributed the absence of 

* In 1900, when I had the deeply appreciated privilege of being shown over the 
Rothamsted fields by Sir John Lawes (about a month before his sudden death), 

climbed the fence like a boy, to take me into Geescroft field and point out a few 
■' gume plants (of a single species) the development of which he had been watching 
ior two or three years. — C. G. H. 
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legumes on Geescroft to the fact that the land was legume '' sick ” 
from the effort to grow beans for more than 30 years^ although some 
good crops of clover were grown from 1882 to 1885. 

Some interesting data concerning these two abandoned fields 
are given in Table 72. 


Table - jz . Rothamsted Fields, abandoned to Nature for 20 Years 


Lanb 

Broadbalk Field 

Geescroft Field 

Character of Herbage, June, 1903 

Grasses 

59.64 per cent 

95.26 per cent 

Legumes 

25.31 per cent 

.43 per cent 

Miscellaneous .... 

15.05 per cent 

4.31 per cent 


Percentages in Soils from Eroadlialk (1881) and Geescroft (18S3) 


Depth (Inches) 

0-9 

9-18 

18-27 

0-9 

9-18 

18-27 

Total nitrogen . . . 

.108 

.070 

.058 

.108' 

.074 

.060 

Organic carbon . . . 

I-I 43 

.624 

.461 

I. Ill 

.600 

•447 


Percentages in Soils in 1904 


Total nitrogen ... 

•145 

.096 

.084 

•131 : 

.083 

.06^ 

Organic carbon . . . 

1-233 

-073 

-551 

1.494 

.624 

• 43 « 

Calcium carbonate . . 

3-325 

.126 


.160 

-131 



‘This percentage was .108 in 1S83 and .115 in 1885, the clover crops having 
been harvested and removed during the two years. 


It seems that the practice of chalking the land, which prevailed 
at Rothamsted a century or more ago, had not extended to Gees- 
croft field, and without much doubt this has been the chief factor 
in determining the character of the herbage, in part because of the 
chemical reaction of the soil and in part because of the physical 
difference, the Geescroft land being close-textured, poorly drained, 
wet, and cold, while the Broadbalk soil, because of the lime present, 
flocculates or granulates and drains well. (The adjoining regular 
plots are tile-drained on Broadbalk.) 

Hall states that “ where nitrate of soda had been used (on Gees- 
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croft field), the land became specially difficult to manage, remain- 
ing persistently wet, and then drying out with an excessively hard 

crust.” 

From any estimates that can be based upon the percentages of 
nitro<^en found in samples of soil from these fields, very large in- 
crease is shown ; in fact, much larger than can be accounted for 
bv any existing knowledge concerning nitrogen fixation. It is 
questioned if the samples collected in 1904 are strictly comparable 
with those taken 20 years before, because of the increasing [lorosity 
and looseness of the soil. Thus, the 9-inch stratum of 1881 might 
occupy 10 inches or more in 1904. 

Director Hall estimates that Geescroft field (even without 
legume plants) has gained a quantity of nitrogen “ which at the 
lowest reckoning amounts to about 25 pounds per acre {)cr year,” 
and adds: 

“The nitrogen brought down in the rain would account for pcrhaiis 5 ll)s. 
per acre per annum, a little more will come in the form of dust, liird-droppings, 
and other casual increments, while some may be due to fixation of atmos|)horic 
nitrogen by bacteria in the soil not associated with leguminous iilanls, like the 
A:-otohactcr chroococcum of Beijerinck and Winogradsky’s Clostridium pasto- 
rmiim. Two other causes may be at work, the absorption of atmospheric am- 
monia by soil and plant, and the rise of nitrates from the subsoil. 

In the author’s opinion, the two most important factors involved 
arc the difficulty of securing comparable samples and the mechani- 
cal addition of foreign substances, especially the dust of summer, and 
the dirty, drifting snow of winter, light trash (leaves, weeds, etc.), 
v.hich blow about until they find a lodging place in such a small 
" wilderness ” as the abandoned portions of thc.se lields furnish. 
An extreme illustration of this is found in a Rothamstcc note 
concerning the potato tops on Hoos field in 1877. 

“Tops withered, not weighed, each lot spread on its own plot, but high wi 
(October 14) blew all off before plowing.” 

One experienced in farm practice will easily recall conditions 
under which field dust is drifted by the wind. The extent xaries 
from the cloud which follows the harrow to the dust storm, f uring 
^vhich a field, even of clay loam, in certain mechanical condition, 
may lose very appreciable amounts of its best soil, which requires 



4o6 investigation BY CULTURE EXPERIMENTS 


for its deposition and accumulation only an undisturbed lodging 
place, and dirty snowbanks form in such places near open fields. 

Notes on the Rothamsted Field Experiments 

The records herein given must be considered at best as summaries 
of the Rothamsted field experiments. Aside from the experiments 
already mentione'd, beans were grown every year from 1849 ^0 
1859, and oats every year (except 1877, fallow) from 1869 to 1878, 
under different systems of fertilizing, on Geescroft field. Tlie 
average yield of oats for the five years (1869 to 1873) range, in 
bushels per acre, from 19.9 (unfertilized) and 24.5 (minerals) to 
47 (ammonium salts) and 59 (ammonium salts and minerals); 
and for the other four years from 13. i (minerals) and 13.8 (unfer- 
tilized) to 28.9 (ammonium salts) and 38 (ammonium salts and 
minerals). 

No oats vvcic grown on this field from 1847 to 1868, and the lirst 
crop of oats (1869) varied, in bushels per acre, from 3(^.6 (unfer- 
tilized) and 45 (minerals) to 56.1 (ammonium salts) and 75.2 
(ammonium salts and minerals). The records for the 9 years, 
i860 to 1868, are: fallow, wheat, wheat, fallow, beans, wheat, 
beans, wheat, wheat; with no fertilizers applied during those 
years except farm manure for the beans in 1864. 

Experiments with legume crops, especially with beans and clover, 
have been in progress on Geescroft or Hoos fields (or both) most of 
the time since 1847. summarizing their experimental results 
after more than fifty years, Lawes and Gilbert recorded the 
following statements (Rothamsted Memoranda, published in 
1901) : 

“When the same description of leguminous crop is grown too frequently on 
the same land, it seems to be peculiarly subject to disease, which no conditions 
of manuring that we have hitherto tried seem to obviate.” 

“The general results of the experiments on ordinary arable land in the fulii 
has been that neither organic matter rich in carbon as well as other const im 
ents, nor ammonium salts, nor nitrate of soda, nor mineral constituents, nor ;i 
complex mixture, supplied with manure, availed to restore the clover-yielding 
capabilities of the land; though, where some of these were applied in lari'C 
quantity, and at considerable depths, the result was better than when they were 
used in only moderate quantities, and applied only on the surface. 
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“On the other hand, it is clear that the soil in the garden, which at the com- 
mencement contained in its upper layers about four times as mucli nitrogen as 
t!i( arable land, and would doubtless be correspondingly rich in other conslitii- 
enis, has supplied the conditions under which clover can Ik; grown year after 
year on the same land for many years in succession. 

“The results obtained on the soil in the garden seem to show that what is 
called ‘clover sickness,’ cannot be due to the injurious influence of excreted 
matters upon the immediately succeeding crop. 

“That clover frequently fails coincidently with injury from parasitic plants 
or insects cannot be disputed; but it may be doubted whether such injury 
should be reckoned as the cause, or merely the concomitant, and an aggravation, 
of the failing condition.” 

“When land is not what is called ‘clover-sick,’ the crop of clover may fre- 
quently be increased by top dressings of manure containing potash and super- 
phosphate of lime; but the high price of salts of jwtash, and the uncertainty of 
the action of manures upon the crop, render the application of artificial manures 
(as top dressings) for clover a practice of doubtful economy. 

“When the land is what is called ‘clover-sick,’ none of the ordinary manures, 
whether ‘artificial’ or natural, can be relied upon to secure a crop. 

‘‘So far as our present knowledge goes, the only means of securing a good 
crop of red clover is to allow some years to elapse before repeating the croj) 
ujjon the same land.” 

Tn his book on the “ RothamstccI Experiments” (page 146), 
Director Hall gives the complete data and the following summary 
of the clover grown year after year on a small plot of rich garden 
soil at Rothamsted: 


Red Clover on Rich G.-vrden Soil, Rothamsted 
Pounds per Acre 


Years 

Air dry Hay 

Dry Matter 

Xiiro(;e.'J iy 
C'koi'S 

verage of 25 years (1854-187S) . 

7664 

6387 

179 

^■erage of 25 years (1879-1903) . 

.3024 

3270 

lOI 


During the fifty years there have been only two crop failures 
D895 and 1900); but the plot required seeding only five times 
fluring the first twenty years (1854, i860, 1865, 1868, and 1871), 
'^ ficreas since 1874 it has been seeded or reseeded almost every 
year, and sometimes two or three seedings in one year have been 
required to secure a stand. Late yields of dry matter arc; 2887 
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pounds in 1901, 1169 pounds in 1902, and 1589 pounds in 1903; 
and Hall’s book contains the following: 

“In March, 1897, and in July, 1899, all the plants were removed by hand, burnt 
and their ashes returned, and the soil was carefully picked over by hand for 
the Sclerotia of the fungus, Sckrotinia trifoliorum, many of which were found. 
The soil was also dressed with carbon bisulfid as a fungicide, before fresh 
seed was sown. In 1903, which was a favorable year for the growth of clover, 
a fair plant was obtained by reseeding, and in the spring of 1904 the best crop 
for many years was cut from this plot.” 

Director Hall expresses the opinion that the fungus named is 
not the only cause of “ clover sickness.” 

Finally, it should be understood that, while the Rothamsted 
field experiments have been conducted with extreme care, there 
are some possible sources of error, and the Rothamsted Station 
has been very careful to point these out where they are of probable 
consequence. Warrington, in his Rothamsted lectures (Bulletin 
No. 8, Office of Experiment Stations, United States Department 
of Agriculture), delivered before the Association of American Agri- 
cultural Colleges and Experiment Stations, in 1891, under the pro- 
visions of the Lawes Agricultural Trust, makes the following 
statements: 

“The earlier experimental fields at Rothamsted were not arranged as skill- 
fully as the later ones; thus, Broadbalk wheat field has long, narrow plots, 
and the influence of the manure of neighboring plots is in some cases distinctly 
felt. The barley experiments in Hoos field are the best laid out ; here the plots 
are nearly square; they have each an area of one fifth of an acre.” 

(In the author’s opinion, tenth-acre plots, 2 by 8 rods or i by 
16 rods, or fifth-acre plots, 4 by 8 rods or 2 by 16 rods, are more 
satisfactory than square plots for field experiments, because greater 
uniformity between plots is thus secured; but in all cases a pro- 
tecting border of at least one fourth rod should completely surround 
every plot, the same crops being grown upon the border as u])on 
the plot proper. This requires a half-rod division strip between 
plots, and wherever needed, an additional uncultivated stri]) of 
grass sod should be left between the plots.) 

On the Grass Park at Rothamsted an imaginary line is the only 
division between the plots, but the ground is never broken, and 
fertilizers are applied as top dressings with exactness (a cloth screen 
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being placed on the line), and Director Hall states that the inllu- 
ence of the fertilizers can scarcely be detected six inches over the 
line, either in the yield or in the character of the herbage, despite 
tin- exceedingly marked differences that have devcIoj)cd between 
the plots. 

The Chemistry of Rothamsted Field Experiments 

While much chemical work has ‘been carried on from the begin- 
ning by the Rothamsted Experiment Station in connection with 
the field experimentation, it has been directed more largely to 
investigations concerning the composition of the crops produced 
than to soil analyses. From most of the fields few soil analyses 
have been reported; but in the case of Broadbalk field some very 
complete and thorough investigations have been made of several 
plots. The results are briefly summarized in Table 73. 

The soil samples upon whose analysis the data in Table 73 are 
chielly based were collected in 1893, fifty years from the begir#ling 
of definite plot experiments on Broadbalk field, although on several 
jjlots the final systems of treatment were not fully settled until 
1852. For this reason the average yields are given for the forty- 
iwo years, 1852 to 1893, but the plant food removed and applied 
is computed for the fifty years; and, in the main, estimation of 
plant food removed is based upon the analysis of the actual cro[)s 
har\x‘sted. 

In computing from percentages found by analysis to pounds 
jivr acre, Doctor Dyer has used as the weight of (me dry soil per 
acre 2,590,000 pounds for the first 9 inches, 2,670,000 pounds for 
the second, and 2,790,000 pounds for the third 9 inches. I he cor- 
ns|)onding weights, including stones, are 3,120,000, 3,040,000, and 
4000,000 in round numbers. (For the common silt loam .soils of 
Illinois, we have found 300,000 pounds j)cr acre-inch to be jiracti- 
cally correct. This would correspond to 2.700,000 jiounds jier acre 
for a 9-inch stratum, or 2 million pounds for a 6|-inch stratum.) 

In considering the composition of the soils represented in fable 
/ V it should be kept in mind that the nitrogen reported is total, 
''file the phosphorus and potassium arc the portions soluble in 
^■^!-ong acid. In the case of phosphorus, this usually represents 
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nearly the total, but in different soils it may vary from the total 
to as low as 75 per cent of the total; while only from 15 per cent 
to 30 per cent of the total potassium is acid soluble, although in 
some abnormal soils, as certain peaty soils, it may reach 60 per 
cent or more of the total. Potassium varies greatly in this respect 
at different depths in the same field. Thus, on the gray silt loam 
prairie of the lower Illinoisan glaciation the percentage of the total 
potassium that is soluble in hydrochloric acid (specific gra\itv 
1. 1 15), during ten hours’ digestion at the temperature of boiling 
water, varies from as low as 14 per cent in the surface soil to as 
high as 38 per cent in the subsoil of the same field. 

Because of these facts the determinations of potassium reported 
in Table 73 must not be considered as the basis for any final con- 
clusions, but the phosphorus data must be approximately correct, 
and the results for nitrogen are practically exact, except for ])os- 
sible variation (from the field average) of the samples of soil col- 
lected. The data are all reported for 9-inch strata of soil, corre- 
sponding to the depths to which the samples were taken. 

Table 73 contains much information, but it is self-explanatory. 
Thus, plot 7, which has received both ammonia and the regular 
minerals (as more fully explained in the previous pages), produced 
an average yield of 32.8 bushels of wheat and 3668 pounds of straw, 
and 2450 pounds of nitrogen, 482 pounds of phosphorus, and 2iiy 
pounds of potassium were removed in the crops during the fifty 
years; while there were applied 4300 pounds of nitrogen, 1336 
pounds of phosphorus, and 4181 pounds of potassium. The a])iili- 
cations have been nearly double or more than double the amounts 
removed. 

If we compare plots 7 and 3, we find in the first 9 inches about 
23 per cent more nitrogen, 71 per cent more phosphorus, and 19 
per cent more potassium in plot 7 than in the unfertilized plot 3. 
On the other hand, in the lower strata, plot 7 contains distinctly 
less phosphorus than plot 3 or 4, but this difference is much less 
marked if plots 12, 13, and 14 be considered. The variations in 
the lower strata are too great to draw conclusions from any one 
plot, and this is more especially true as regards potassium. 

In the lower part of Table 73 are recorded some average results 
that should be more significant, at least for nitrogen and phos- 
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phorus. The line marked “ average of plots receiving ” incluclv< 
the average of plots 7 to 14 for nitrogen, of plots 5, 7, and n to 14 
for phosphorus, and of plots 5, 7, and 13 for potassium; while 
in the next line are given the averages for the plots as indicated 
0 for the respective elements. By subtraction we find the cxces?, 
or deficiency (— ). The difference between the sum of the ex- 
cesses found in the three soil strata and the balance with respect 
to applications and removal in crops gives us the apparent loss in 
50 years of the respective elements, and indicates an annual losj 
per acre of 55 pounds of nitrogen, 85- pounds of phosphorus, and 
59 pounds of potassium, — losses besides those which arc ac- 
counted for in the crops removed. In terms of plant food 
applied, these losses amount to 63 per cent of the nitrogen, to 31 
per cent of the phosphorus, and to 69 per cent of the potassium. 

There are two principal ways in which plant food may be lost 
from the surface soil, aside from removal in crops; namely, by 
leaching and by erosion (including erosion by wind action as well 
as by water). In addition, some mechanical mixing of surface and 
subsoil may occur, because of burrowing animals and insects, 
soil cracking, etc., and losses of nitrogen by dentrification arc 
possible, though not probable to any important extent under 
normal conditions. 

In Table 74 is recorded the average composition of waters col- 
lected from the tile drains of Broadbalk field during the years 
1S66, 1867, i8()8, and 1869. These averages represent the mean of 
a large number of analyses made by Doctor Augustus Voelckcr. 
The results arc given in Table 74 on the basis of 3 million pounds 
of water, which corresponds to a drainage of i3|- inches per acre, 
which is less than the average annual drainage (14.73 iiichcs' 
from the uncropped bare soil of the Rothamsted drain gauge (seX' 
Table 65), and more than Dyer’s estimate (10 inches)for the ordi- 
nary cropped soils at Rothamsted, but probably not more than the 
average for the cropped soils of central United States. The actual 
amounts found in pounds per million of drainage water will be 
secured by dividing these data by three. 

Some apparent relationships may be noted between the appli- 
cations and losses of certain elements, and also between certain 
elements in the drainage water, such as calcium and sulfur, but 
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the points of chief interest are that from the four or five best 
yielding plots the annual losses per acre are probably not more 
than 50 pounds of nitrogen, pounds of phosphorus, and 7 pounds 
of potassium. Dyer assumes an average drainage of 10 inches per 
annum for Rothamsted, which would reduce these figures by one 
fourth, but he also suggests that the losses in drainage are probalily 
greater now than they were in 1866-1869. 

While the drainage certainly accounts for most of the loss of 
nitrogen, there remains not accounted for an annual loss of about 
7 pounds of phosphorus and 50 pounds of potassium per acre. 
Dyer suggests that these losses are to be accounted for by descent 
into the subsoil. The data for potassium, representing the “ acid- 
soluble” only, are too uncertain to warrant any conclusion. In 
the author’s opinion it is not improbable that some of the potas- 
sium, applied as soluble potassium sulfate, may have reacted with 
silicates and formed compounds that are not dissolved by strong 
acid. This seems less doubtful when we consider the proper- 
ties of cement, and the changes that occur even in a short time 
in the “ setting ” of that material. 

The data afford practically no evidence for the descent into 
the subsoil of either phosphorus or potassium. The phosphorus 
determinations so nearly represent the total amounts that they 
serve satisfactorily for general computations, and as an average 
they show less phosphorus in the subsoil of the plots where phos- 
phorus has been applied, although plots 5 and 14 are exceptions. 

At least most of the unused phosphorus remains in the plowed 
soil. Thus plots 4 and 5 have produced almost the same average 
yields, and plot 5 contains 1121 pounds more phosphorus in the 
first 9 inches, but only n pounds more in the second depth, than 
plot 4. The third depth shows a different relation, but this is 
reversed in the case of plots lob and ii, wdiose average yields are 
not markedly different. 

With 2250 pounds of phosphorus in the surface 9 inches, it 
would require about one inch of erosion in 35 years to account for 
an annual loss of 7 pounds of phosphorus. This would also ac- 
count for 10 pounds additional loss in nitrogen, and it seems the 
most probable explanation. Land that has sufficient slope to 
provide any surface drainage will suffer some erosion if such drain- 



THE ROTHAMSTED EXPERIMENTS 


415 


age occurs when the land is not covered with vegetation. When- 
ever roily water leaves a field, some soil goes with it; and tlie loss 
of a tenth of an inch in three or four years is not improbable, e\ en 
for nearly level land, if annually cultivated, especially if torrential 
rains sometimes occur (see record of Barn field) 

Whether one assumes 10 inches or 13I inches of drainage, there 
is some degree of correlation between the computed calcium 
carbonate equivalent to the calcium found in the drainage water, as 
shown in Table 74, and the loss of calcium carbonate from the sur- 
face soil of Broadbalk field, as recorded in 'Fable 27. While there 
arc marked discrepancies, both methods agree that, as an average, 
more calcium is removed from the plots receiving ammonium 
salts. 

Analyses made of surface soil from the barley plots on Hoos 
field in 1889 show in 2 million pounds of soil 960 pounds of phos- 
phorus as an average in the 8 plots receiving no ])hosphorus, 1560 
pounds as an average in the 8 plots receiving acid phosphate with- 
out rape cake, 1900 pounds as an average in the 2 ])lots receiving 
acid phosphate and rape cake, and 1540 pounds in the farm manure 
plot (7-2). 

Table 75 shows the nitrogen content of the surface 9 inches of 
the different plots on the Agdell rotation field. 

From the data thus far reported, the nitrogen content of the soil 
on Agdell field appears to be decreasing about to pounds a year, 
except on the legume plotswhich receive rape cake and ammonium 
salts, where an increase is shown on the “ fed ” plot amounting to 
212 pounds in 16 years. While the individual variations arc great, 
the results indicate a slightly larger loss of nitrogen in the legume 
rotation than with fallow, but where nitrogen is a[)plied, the op- 
posite is shown. 

The factors of erosion and deposition and of difficulty in securing 
samples (by the method used) which fairly represent the average 
of the plot are sufficient to account for any of the changes indi- 
cated by these analytical data; and it may be stated that the to- 
pography of Agdell field suggests the possible influence of such 
factors. On the other hand, the indicated gain of 180 pounds of 
oitrogen per acre during seven years with the legume rotation on 
the unfertilized land, with all crops removed, has actually been 
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Table 75. Agdell Rotation Field, Rothamsted 
Nitrogen in Surface 9 inches; Pounds per Acre 


Systems and Soil Treatment 

Nov., 1867 
(After 
Wheat) 

Orr., 1874 
(After Clover 
or Fallow) 

Nov. - 1 1 V. 
i8S3-i,\s,, 
(After \\ ix;u) 

Legume, unfertili;!:cd, turnips removed 

3127 

3307 

3 LF) 

Legume, unfertilized, turnips fed off . 

3113 

2849 

28()2 

Legume, phosphorus, turnips removed 

3185 

2978 

2897 

Legume, phosphorus, turnips fed off . 

33^2 

3170 

3110 

Average of four plots 

31^5 

3076 

3010 

Loss in 16 years 

175 

Fallow, unfertilized, turnips removed . 

3127 

3113 

2952 

Fallow, unfertilized, turnips fed off . 

2959 

2976 

2724 

Fallow, phosphorus, turnips removed . 

2938 

2753 

2786 

Fallow, phosphorus, turnips fed off . 

2976 

2702 

2947 

Average of four plots 

3000 

2842 

2«53 

Loss in 16 years 

147 


Plots receiving Minerals, Rai)c Cake, and Ammonium Salts 


Legume, turnips removed 

Legume, turnips fed off 

Average of tw'o plots 

303^ 

3194 

3096 

3293 

3012 

3408 

3116 

3195 

3210 

Gain in 16 years 

(94) 

Fallow, turnips removed 

3010 

2887 

2918 

Fallow, turnips fed off 

3^97 

2940 

2q86 

Average of two plots 

3^04 . 

2914 

2952 

Loss in 16 years 



cited by a writer for the agricultural press in support of the teach- 
ing that crop rotation will maintain the fertility of the soil. 

Probably no information could now be furnished by the Roth- 
amsted Station that would be of greater interest to the agricul- 
tural world than the changes that have occurred in the nitrogen 
content of the Agdell plots since 1883. 

In Tables 76 and 77 are recorded the average composition of the 
Agdell crops (except barley not reported) and the Park hay, re- 
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spcctivcly. The data are given in pounds per acre removed in 
the actual crops grown, — on the plots receiving both minerals and 
nitrogen in case of the Agdell field. 


T.U3LE 76. Average Composition of Crops grown on Agdell Field 
Pounds per Acre actually removed in the Crops Harvested 



Crop 

Nitko- 

I’HOS- 

Pi! 0 - 

Po- 


C.\L- 

Sol- 

Son I- 


Crops Analyzed 

Yields 

GEN 





IM 


(Approx.) 

(M 

(h' 

mi' 

’(M«) 

(Ca) 

,s, 

(.\a) 

(Cl) 

Wlicat, grain . . 

30 bu. 

28.3 

6.8 

8.5 

2.1 



.0,} 

.01 

Wheat, straw 

1.9 T. 

13-4 

2.1 

21.8 

2.0 

6.4 

2. 1 

.62 

3.28 

Wheat crop . . 

— 

41.7 

8.9 

30-3 

4.1 

/■’ 

2-3 

.6() 

3-29 

Swede turnips 

16 T. 

75-5 

8.6 

65-7 

3-7 

15.6 

10.4 

7-5 

. 5-2 

Turnip leaves 

2T. 

18.5 

19 

ii.g 

.5 

9.1 

-3 

.7 

5 -.5 

Turnip crop . . 

— 

94.0 

10.5 

77.6 

4.2 

24.7 

12.7 

872 " 

10.7 

Beans, grain . . 

23 bu. 

49.6 

5-0 

12.6 

1-5 

1-5 

I.O 

.6 

•9 

Bean straw . . 

.9 T. 

14.0 

± 

5-8 

1.6 


I.l 

9-3 

2.2 

Bean crop . . . 

— 

63-6, 

5-9 

18.4 

3-1 

19.0 

2.1 

9-9 

3.1 

Clover, first crop 

— 

^ 03’3 

7.8 

58.6 

IT. 6 

92-5 

3-7 

T .9 

ir 7 

Clover, second crop 

— 

56.0 

4-5 

26.5 

, 5-9 

36.8 

2.1 

.8 

6.1 

Clover, both crops 

3.0 T. 

159-3 

S T2. 3 

1 ' 

85-1 



1 

2.7 

1 7.8^ 


riic results for wheat arc the average of the eight crojis grown 
from 1850 to 1879; for turnips, the average is for three crops 
(1864, 1872, and 1876); for beans, six crops (1854 to 1870 and 
1878); and the clover data are averages of 1850 and 1874 for the 
lust and second crops. 

In Table 77 the data represent, as a rule, in pounds removed per 
iicre per annum, the averages for the 18 years, 1856 to 1873 (first 
crops only). 

This mass of data concerning actual results with mixed grasses 
especially valuable for the use of the analytical mind. A cur- 
sory examination will show that, within the groups, the total 
yield of organic matter correlates better with the nitrogen and 
phosphorus removed than with most other constituents, while 
the amount of potassium removed seems to be controlled by the 
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amount applied as much or more than by the amount of crop har- 
vested. Thus the organic matter from plot 7 is 1.54 times that 
from plot 4-1; while the corresponding ratios are 1.62 for phos- 
phorus and 1.66 for nitrogen, but 3.19 for potassium. Quite 
similar results are secured by comparing plots 4-2 and 9, the ratios 
being 1.56 for organic matter, i.s8 for nitrogen, 1.34 for phosphorus, 
and 3.96 for potassium. 

These facts seem to harmonize with the suggestion previously 
made that some of the apparent effect on the yield of hay, of the 
potassium and other alkali salts, is associated with their power to 
take phosphorus (in part from the surface, where applied in top 
dressings) and deliver it to the root system of the |)lant. Another 
influence of possible importance is the tendency of the alkali salts 
to reduce or prevent soil acidity. Of course, {wtassium has some 
value for its own sake under certain conditions, as clearly shown 
in the previous and subsequent pages (see especially the mangel- 
wurzel data). 

With the great differences that have developed in the character 
of the herbage on the different plots, especially in different groups, 
direct comparisons must involve several factors; and coincidence 
or indirect correlation may easily be mistaken for direct causal 
relationship. Thus, compared with plot 14, we would assume that 
potassium must be the limiting clement on plot 4-2; and j)ossibly 
such is the case, but reference to plots 7 and 10 show that other 
factors are also involved. 



CHAPTER XX 

PENNSYLVANIA FIELD EXPERIMENTS 

In 1882 the Pennsylvania Agricultural Experiment Station 
began, at State College, the oldest extensive field experiments now 
in progress in America. They include four separate fields, each 
of which contains 36 eighth-acre plots, or 144 different plots in all 
A 4-year rotation is practiced, consisting of corn, oats, wheat, 
and hay (mixed clover and timothy seeded on the wheat land in 
the early spring) , every crop being represented every year (ex- 
cepting the hay crop in 1882). The land is quite undulating, but 
the individual plots are separated by a permanent strip of grass 
sod or turf about two or three feet wide, which practically ])rc- 
vents surface washing from one plot to another, and in but few 
cases is there evidence of soil washing on the fields. The plots 
are about i| rods wide by 16 rods long. 

The soil consists largely of a silty clay loam, and contains perhaps 
10 per cent of small angular rock fragments, chiefly of chert. 
While this field had been treated xvith lime some years before the 
beginning of these experiments, recent examination has shown that 
the soil is more or less acid. Even where sodium nitrate has been 
applied, acidity is found as a rule, notwithstanding the tendency 
of sodium nitrate to neutralize soil acidity, much of the sodium 
being left in the soil when the nitrogen is taken up by plants. 
Where ammonium sulfate has been used, especially where heat'} 
applications are made, the soil is very much more acid; and on 
such plots the red sorrel {Rumex acetocella) is becoming a pest, and 
a good stand of clover is not secured as a rule. As hereinbefore 
stated, the average soil of this field contains 2320 pounds of nitro- 
gen, 1080 pounds of acid-soluble phosphorus, and 50,700 pounds 
of total potassium, in 2 million pounds of the surface soil. 

420 
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The following statements are made in the Pennsylvania Report 
for 1901-1902, pages 195-197: 

‘ It should be stated that this soil has been formed in place on the umk‘rlv- 
rock. The rock is in some instances but a few feet below the surface of die 
(rround. While the surface soil is fairly uniform in fertility and in depth, the 
sul)snil varies greatly as to depth. This soil has good natural underdrainage, 
and contains a fair supply of humus. While the soil is a somewhat stilT clay 
loam, the natural drainage is entirely sufficient to carry off e.xccssivc moisture, 
even in time of heavy rainfall.” 

‘‘Tlie cultivation given this series of plots has been similar to that given to 
ordinary field crops under good cultural conditions.” 

“The operations of harvesting have been performed as uniformlv as possible 
for all plots, in order that any variation of the yield might not be due in any way 
to (he difference in the manner of handling the crops when matured, 

“Cow. The corn was cut by hand and placed in medium-si/.ed shocks to 
cure. From the shocks it was husked in the field, and the ears of corn weighed 
and the yield of stalks weighed when sufficiently cured to store in the barn with- 
out danger from heating. 

“Oals and Wheat. The oats and wheat have been cut with a twine binder, 
and the bundles placed in shocks on the plot.s, where they remained until suffi- 
ciently dry for threshing. They were then drawn to the barn, weighed, threshed, 
and the weight of the grain deducted from the total weight to ascertain the 
veeiglit of straw and chaff, the difference being the credited weight of straw. 

‘'Hay. The grass (clover and timothy mixed) has been cut with a mowing 
macliine and given the same treatment as found jiractical to give gr;iss and hay 
on the College and Experiment Station farms. When the forage was sulfi- 
ciently cured to store in the barns without danger from fernu'iitation, the hay 
was drawn to the barn and weighed.” 

While the three grain crops were grown in 18S2 and all crops in 
1S83, the full fertilizer treatment for the four years wns not received 
by some plots until 1885, and consequently the results for the first 
three years must be considered as preliminary, d'lu' fertilizer 
applications are made only in alternate years, for corn and wheat 
e.xcepting the caustic lime, which is applied but once in four years, 
h'r corn). 

The application for nitrogen is at three different rates, 24, 48, 
and 72 pounds per acre in alternate years, or 48, 96, and 144 for 
‘^ach rotation; and three different forms of nitrogen arc used, 
dried blood, sodium nitrate, and ammonium sulfate. For the four 
years the potassium applied amounts to 166 pounds (always in 
potassium chlorid, so-called “ muriate ” of potash), and the phos- 
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phorus amounts to 42 pounds (usually in dissolved bone black). 
On two plots (12 and 35) the phosphorus (42 pounds) is applied in 
the form of ground bone, which also supplies 10 pounds additional 
nitrogen. 

Farm manure (commonly called “ yard manure,” but sometimes 
“ barn manure,” in the Pennsylvania Reports) was applied at 
three different rates, 12, 16, and 20 tons per acre (one half for corn 
and the other half for wheat), and in addition 12 tons were applied 
on one of the caustic lime plots (No. 22), No analysis seems to 
have been made of the manure, but the Pennsylvania Station has 
at times adopted an average published by the United States De- 
partment of Agriculture, representing one ton to contain 9.8 pounds 
of nitrogen, 2.8 pounds of phosphorus, and 7.1 pounds of potas- 
sium, — figures that are not far from the general average of yard 
manure (10, 3, 8). Probably the 20 tons of manure carry a third 
more nitrogen and phosphorus, and nearly the same amount of 
potassium, as the heaviest fertilizer application (144 lb. N, 42 lb. P, 
and 166 lb. K). 

The other applications for each four years include 640 pounds 
of land-plaster (gypsum), 4 tons of ground limestone, and 2 tons of 
caustic lime, weighed as calcium oxid and applied after being water- 
slacked. 

In addition there arc five plots in each scries that have received 
no fertilizer since 1882, but one of these (No. 8) is reported to have 
received annual applications of farm manure during the 10 years 
previous to 1882. 

The numbering of plots and the treatment applied for one scries 
of 36 plots is the same as for every other series. By using four 
different series, four times as much data are secured during a given 
number of years as could be secured from one series. Thus, dur- 
ing the 24 years (1885 to 1908), there have been 24 crops of corn, 
24 of oats, 24 of wheat, and 24 of hay, with every different kind of 
treatment; whereas, during 61 years, on Agdell field at Rothani- 
sted there have been harvested only 15 crops of turnips, 15 of 
barley, 15 of legumes, and 15 of wheat (the turnips having faiivtl 
one year). Of course the effect of 60 years’ cropping cannot be 
secured in 27 years, but the Pennsylvania system must give more 
trustworthy results for the like number of years. 
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Table 78. Pennsylvania Experiments: Four-year Rotation 


Records per Acre for Six Complete Rotations, 1885 to 1908 


Tre.mment for Each 

Four Years ‘ 

Average of 

24 Years 


From Four 

Acres 


y [inportant 
Itlcments 
1 .tpplied 

Ni- 

tro- 

gen 

per 

Acre 

(Lb.) 

Form of Nitro- 
gen Applied 

Corn 

Av. 

Bu. 

per 

Acre 

Oats 

Av. 

Bu. 

per 

■Acre 

Wheat 

Av. 

Bu. 

A^;e 

Hav 

Avl 

Lb. 

I^cr 

Acre 

I'aluc 
of tlH 
Four 
Crops 

Value 
if Un- 
fertil- 
ized 

Value 
of In- 
crease 

Cost 

of 

Treat- 

ment 

Profit 

(-Loss) 








831.60 





1 xtlsib.) 

48 

Dried blood . 

33-2 

20.4 

II. 7 


32.12 

^ ,'7 

$ — 


, )’(42lb.) 

— 


40.4 

34-9 

US- 1 

.tiSo 

44-72 





4 K f [66 !b.) 

— 


33-1 

31-2 

10. 0 

2^60 

3^.00 

.32.08 

2.(18 

0.06 


; XP . . 

48 

Dried blood . 

42.8 

38-9 

18.0 

tfno 

.S0.71 



1. ,, 


(, XK . . 

48 

Dried blood . 

34-7 

33-.S 

12.8 

26(;c 

3')-23 

33.84 


17.16 

(-1.-77) 

7 PK . . 

— 


48.4 


17-7 

■1.340 

.S4-.';9 

34-27 

20,32 


5.32 

s M;inurcfor lo years prior to 1882 

45.0 

35-4 

15. 1 

3-60 

47,62 

34-70 


(?) 

12.02 

0 XPK . . 

48 

Dried blood . 

47.6 

41.9 

20.9 

4V'9 

s:.oo 

35.15 

2i„S7 

32.30 

( -.33) 

10 Xi^K . . 

96 

Dried blood . 

47-4 

42.9 

23.0 

4140 

.1 7-98 

.35.56 

23.42 



11 XI’K . . 

144 

Dried blood . 

48.5 

42.1 



.S0.49 

3.5.')'J 

23.50 

( - 1 t.io) 

12 XI’K . . 

60 

Blood and bone 

4r(.6 

41. 1 

20.5 

4220 

S6.70 

,36..t’ 

20.38 

23.. 1 

(-2.8,8) 

i ; Lam 1-plaster (CaSOp, 640 lb. . 

36.2 

30.6 

12.0 

2.1 So 

38.32 

36.84 

I. .,8 

1.60! (-.12) 

uXvme. . 

— 

— 

3.‘:-5 

29.4 

12.6 

2400 

37-27 

3T.JT 

— 



15 11^ . . 


_ , 

47.8 

37.b 

17.8 

4290 

.33-40 

37-20 

16.20 

IS.OO 


ifj Yard manure, 12 tons .... 

49-5 

39 -C’ 

22-5 

4030 

56.87 

37-12 

19.75 

.3-60 

16. 1 5 

IT XPK . . 

48 1 Dried blood . 

41. 1 

37-8 

20.3 

3660 

50.02' 

37.05 

13.87 


(-8.3.3) 

iM Yard manure, i6 tons .... 

46-5 

41.0 

23.7 

4290 

5S.04 

.36.07 

r~ 11.07 

4.80 

16.27 

10 XPK . . 

96 IDried blood . 

47.8 

40.1 

22,9 

4120 

S7.es 

36.00 

20.25 

20.40 

(-9.1.5) 

20 Yard manure^ 20 Ions .... 

SO.i 

40.8 

24.1 

4300 

59-5,3 

36.82 

22.73 

6.00 

16.73 

21 XPK . . 

144 

Dried blood . 

48.8 

40.4 

24-8 

4000 

58.56 

.36.75 

21..81 

36.60 

(-14.79) 

22 Lime (CaO), 2 tons ; yard ma- 










i nure, 12 tons 



514 

40.6 

22.3 

4330 

58.91 

.36.67 

22.24 

12.60 

9.64 

2t Lime (CaO), 2 tons 

27-4 

27-2 


2440 


.36.60 1 

f-1.45) 

fJ.OO 

(-10.45) 

24 Yonc . . 

— 


.30-4 

30-9 

13-4 

24 to- 

76-52 

.36.52 

— 

— 


2.' PK . , 



47-.'i 

40.2 

18.5 

4230 

54-33 

.36.74 

17..59 

TS.OO 

2..59 

26 XPKNa . 

48 

Sodium nitrate 

49-3 

40-3 

21.9 

4330 


36.06 

20.71 

22.20 

('-i-4o) 

2 7 XPKNa , 

96 

Sodium nitrate 

49-5 

41.1 

23-7 

4370 

59-36 

.37-18 

22.18 

20.40 

(-7.22) 

2'' XPKNa . 

144 

Sodium nitrate 

40-6 

4I-.3 

24-5 


60.01 

_.37.to 

22.61 

.36.60 

(-13.99) 

2U I'K . . 

— 


42.7 

38.6 

17.4 

4040 

50.83 

37-62 

1.3.21 

15.00 

(-1.79) 

30 XPK . . 

48 

Amm. sulfate . 

46.4 

39-8 

21.6 

4020 

55.36 

37.84 



(-4.68) 

31 XPK . . 


Amm. sulfate . 

46.9 

41. 1 

23-.i 

3630 

56.00 

3S.06 

1 8.03 

20.40.( - 

.32 XPK . . 

144 

Amm. sulfate . 

40-1 

40-3 


3280 

51.72 

JS.2S 


36.60;( -23.16) 

33 Kmd-plaster (CaSO,), 640 lb. . | 

31-5 

31-2 

I3-I 

2.370 

37-27 

.38.50- 

(-1.23) 

1.60! (-2.83) 

34 1 iround limestone (CaCOs), 4 tons] 

34-9 

32.4 

15.5 

2SS0 

41-43 

3S.72 

2.71 

6.00 

(-3.29) 

33 XPK . . 

60 

Blood and bone 

48.5 

40.4 

21.7 

4690 

58.36 

38.94 

19.42 

23.16' (-3.74) 

36 Xone , . 



33-6 

3I-I 

14.1 

2730 

39.15 

*'-i 


”1 




' Where used, potassium is always applied at the rate of 166 Ih. i)er acre in 
potassium chlorid, and phosphorus always at the rate of 42 lb. per acre in arid 
black except on plots 12 and 35, where ground bone is used. One half of 
'lie application is made for corn and the other half for wheat, except the burnt lime, 
" inch is all applied for corn. 

In Table 78 are recorded the average results in actual yields of 
^*jrn, oats, wheat, and hay, for the 2.4 years, 1885 to 1908. In order 
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to eliminate so far as possible the influence of seasonal variation 
in individual crops and to simplify comparison, the aggregate \ alue 
of the four crops has been computed, so that in all cases the finan- 
cial statement refers to values for four acres. No value is allowed for 
the corn stover or straw, and the prices used are 35 cents a bushd 
for corn, 30 cents for oats, 70 cents a bushel for wheat, and $3 per 
1000 pounds for hay. While these prices should be modified to suit 
local conditions, they are as high as can safely be used as a basis 
for planning profitable systems in the center of the principal grain- 
growing section of the United States, especially if we must allow 
for some shrinkage (particularly in the yield of hay) and for 
occasional unavoidable losses from damaging storms. 

In the column headed “ Value of the four crops,” it will be seen 
that the figures range from $31.69 (plot i, untreated) to $60.01 
(plot 28, receiving phosphorus, potassium, and the heaviest ajipli- 
cation of sodium, nitrate) . The four untreated plots show $31.69, 
$37.27, $36.52, and $39.15, making a very considerable variation; 
and the problem presents itself, How shall we determine the increase 
produced by the different kinds of treatment ? Manifestly, wc must 
adopt some method of estimating what would have been the yield 
of the fertilized plots if they had not been fertilized. The average 
of the four untreated plots would be the most satisfactory under 
some conditions, but plainly this is not correct for these conditions, 
because this would show an injurious effect from the nitrogen 
alone, whereas positive and very appreciable gains are produced 
in every crop on plot 2 in comparison with the immediately ad- 
joining unfertilized plot (No. i). In the absence of specific objec- 
tions it seems best to assume that the productive power of the land, 
if unfertilized, would vary in uniform graduation from one check 
plot to the next, and the figures given in the column headed 
“ Value if unfertilized ” are computed on this basis. While this 
seems fair to plots near No. i, a comparison of duplicate plots shows 
some marked differences in “ Value of increase,” especially be- 
tween plots 9 ($21.87) 17 ($13*87), and between 7 ($20.32) and 

29 ($13.21), although in the main the duplication is sufficiently 
harmonious to justify full confidence in important average results. 
Thus, the four plots receiving phosphorus and potassium siiow 
‘'Value of increase” amounting to $20.32, $16.20, $17.59, tind 
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$13,21 (average $16.83); ^vith 48 pounds of nitrogen in addi- 
tionMhe increase is $12.87, ^13-87, I20.71, and $17.52 (average 
$18.49). Here we have an average increase of $1.66 resulting from 
the application of $7.20 in 48 pounds of nitrogen. Further addition 
of nitrogen produces some additional increases, but always far 
below the cost of the nitrogen applied. 

After subtracting the cost of treatment (counting nitrogen at 
15 cents a pound, phosphorus at 12 cents in acid bone black and 
at 10 cents in ground bone, and pota.ssium at 6 cents a pound), 
wc liiid the greatest net profit from commercial plant food is in 
the use of phosphorus alone. 

While $5.04 worth of phosphorus used alone produced $ 12 .]^ 
increase (plot 3), when applied in addition to other treatment, the 
same amount of phosphorus produced $14.28 over nitrogen (plot 5 
oyer plot 2), $i7.64.over potassium (plot 7 over ])lot 4), and $16.48 
over nitrogen and potassium (plot 9 over jilot 6). Plots 12 and 35 
also show marked increases from the use of grotind bone. Plot 17 
ai)|)cars to give too low results compared with the general averages 
or with plot 15, although the increase from plot 17 (NPK) is $8.48 
more than that from plot 6 (NK). Thus, under e\'ery condition 
phos])horus has much more than paid its cost, the average effect 
heing a net profit of about 200 per cent for phosphorus if we dis- 
regard the cost of the other elements. "While phosphorus and nitro- 
gen together more than paid the combined cost and jiroduced dis- 
tinctly better crops, this system yields less net profit than the 
phosphorus alone. Similarly, phosphorus and jiotassium gave 
larger increases, but less profit than phosphorus alone. In no case 
has either nitrogen or potassium paid their cost. 

It is noted that $9.96 worth of pota.ssium alone produced only 
S-’/)8 increase, but when applied with jihosphoriis the average 
increase ($16.83) $4.66 more than that from jihosphorus alone 

('812.17). Surely wc should try to secure this increase by some 
moans. If kainit at one third the cost would produce the same 
increase, it could be used with profit, and if farm manure or clover 
green manure would produce still greater increase at still less 
nnst, ^ve should plan accordingly. 

Where manure was applied at the rate of 12 tons per acre in four 
}’oars (6 tons for corn and 6 for wheat), the value of the increa.se is 
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$19.75, an averse of the 24 years. With 16 tons the increase 
was $21.07, 2Lnd with 20 tons it was $22.73. Thus, the 12 tons were 
worth $1.65 a ton, 16 tons were worth $1.32 a ton, and 20 tons were 
worth $1.14 a ton. Thus, we may say that the first 12 tons were 
worth $1.65 a ton, the next 4 tons were worth 33 cents each, and 
the last 4 tons were worth 42 cents each, or, as an average, the 8 
tons of manure applied after the first 12 tons were worth 37 cents 
a ton. 

The “ cost of treatment ” for the manure applied may be de- 
termined in at least three different ways: 

First, we may consider the manure as a by-product of the farm 
and only allow for the cost of hauling and spreading, for whicli 30 
cents a ton is sufficient, as a rule. This is the figure used in the 
tables under discussion. 

Second, we may estimate the cost of shipping manure from sopie 
fairly large source of supply, such as the stock yards of Chicago 
or other cities. This cost would probably amount to $i to 82 
per ton, including the hauling from the railway station and spread- 
ing on the land. 

Third, we may purchase feed and thus produce manure on the 
farm and allow for the manure whatever is necessary. 

Table 78 shows the average value of the manure applied a t differ- 
ent rates, and also the profit from using the manure that is regularly 
produced on the farm. 

There is no record of the amounts of manure applied to plot 8 
(on the four series) previous to the beginning of these experiments; 
but its residual effect is very apparent, the average increase 
amounting to $3.23 per acre per annum for the 24-year period, in 
comparison with the unfertilized plots. 

Caustic lime alone decreased the crop yields as an average, but 
when used with manure it produced an average increase of $2.4Qj 
or about 25 per cent of its cost at $4.50 per ton. As an avcr;igc 
of the two tests, the light application of land-plaster produced 
practically no effect. The heavy applications of ground limestone 
produce an average increase of $2.71, or not quite half its cost nt 
$1.50 per ton. In the last four or five years the effect of ground 
limestone alone is apparently decreasing, — a result to be expected 
sooner or later where no manure or plant food is returned to the 
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land. It should be kept in mind, too, that this soil is not very acid, 
and, consequently, neither burned lime nor ground limestone would 
be expected to produce marked effects. 

Since phosphorus and manure were both used separately with 
marked effect and profit, it seems probable that phosphorus and 
manure together would have produced still more satisfactory re- 
sults; and, if the action of the ground limestone were modified 
by licing used with manure as much as was that of caustic lime, 
then it, too, would have produced increases above its cost. At least, 
the facts suggest that manure, phosphorus, and limestone would* 
make a very profitable combination; and green manures and other 
croj) residues could of course be used in place of animal manures. 

In Tables 79 and 80 are recorded the 24 years’ data arranged in 
two periods of 12 years each. While 24 years is too short a period 
to furnish very trustworthy data concerning the tendency of a sys- 
tem of farming toward increase or decrease in crop yields on one 
l)iccc of land or with one crop, probably the average results from 
all crops on the four series of plots in these Pennsyh'ania Experi- 
ments furnish almost, if not quite, as satisfactory information 
along this line as any of the Rothamsted fields. Such results are 
recorded in the columns headed “ Value of the four crops.” ft 
should be remembered that a poor year for oats may be a very good 
year for^winter wheat, corn, or hay, and that four crojis e\ery year 
for 27 years furnish almo.st twice as much data as the single system 
on Agdell field, even though continued for 60 years. 

.\s an average of the 20 plots that have received no treatment 
since 1882 (including the No. 8 plots), the yields have decreased as 
shown below : 


Average Yields per Acre on 20 Unfertilized Plots 


Crops 

AvEKAr.H, 

18S5 TO 1896 

12-VEAR 
Avkkaok, 
i8p7 lo 1908 

Avkrack 

Dk( KKASK 

Ijushcls 

41.7 

27.7 

14.0 

bushels 

3 <J -7 

25-0 

U .7 

heat, bushels 

I. 3-.3 

12.8 

■5 

h'O-, pounds 

3070 

2180 

8no 

Average value 

^ 1 

SSII.05 

S8.18 

82.87 
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Table 79. Pennsylvania Experiments : Four-year Rotation 
Records per Acre for Three Complete Rotations, 1885 to 1896 


Treatment for Each 

Four Years 

Average of 

12 Years 


From Four Acres 


6 

A 

E 

Important 

Eiements 

Applied 

Ni- 

tro- 

gen 

per 

Acre 

(Lb.) 

Form of Nitro- 
gen Applied 

Corn 

Av. 

Bu. 

A^re 

Oats 

Av. 

Bu. 

per 

Acre 

Wheat 

Av. 

Bu. 

£ 

Hay 

Av. 

Lb. 

per 

Acre 

Value 
of the 
Four 
Crops 

Value 
if Un- 
fertil- 
ized 

Value 
of In- 
crease 

Cost 

of 

Treat- 

ment 

Profit 

(-Losi) 

I 

None . . 




34-7 

34-7 

II. I 

2480 

S37-77 

S37-77 

$ 

1 

8 

2 

N (48 lb.) 

48 

Dried blood . 

40. s 

3.5-4 

12.8 

2640 

41.68 

38.15 

3-53 

7.20 

(-,Uc) 

3 

P (42 11).) 

— 


45.0 

39-1 

14.6 

3400 

47-go 

38.53 

9.37 

5.04 


4 

K([6ft !!).) 

— 


40.6 

37-5 

II-S 

2900 

42.21 

38.01 

3-30 

9-96 



NP . . 

4H 

Dried blood . 

48.0 

42-4 

18.2 

3740 

53.48 

39-29 

14.19 


1 0- 

f) 

NK . . 

48 

Dried blood . 

40.6 

38-7 

13-4 

3050 

44-35 

39.67 

4.68 

17.16 

(-12.41) 

7 

PK . . 



51.6 

44.6 

1,5-7 

4320 

55-39 

40.05 

15-34 

15-00 


s 

Manure for 

10 years prior to itS82 

51.4 

40.8 

1.5-5 

4050 

.53-23 

40.43 

12.80 

(?) 

12.se 

9 

NPK . . 

48 

Dried blood . 

5'3-7 

46. 1 

19-3 

4420 

58.35 

40.81 



(- 4-1."^' 


NPK . . 

96 

Dried blood . 

So.o 

47-3 

20.7 

4230 

58.87 


17.68 


(-11.:.') 

1 1 

NPK . . 

144 

Dried blood . 

so. 8 

45-4 








12 

NPK . . 

60 

Blood and bone 

5T.4 


18.4 


56.61 

41-95 


2,3. 16 

( 

13 

Land-plaster (CaS04), 640 lb. . 

42.8 

36.0 

13.0 

2810 

44-21 

42.33 

1.88 

1.60 


14 

None . . 



42-5 

35-3 

13- 1 

2690 

42.71 

42.71 

— 

— 

- 

15 

PK . . 

— 

— 

51.8 

41.8 

16.4 

4140 

54-57 

42.64 

11. 9.3 

15.00 

(-,;-o;) 

16 

Yard manure, 12 tons .... 

51.9 

42-s 

19-5 

.3910 

56.30 

42.57 

13-73 

3-60 

10.),; 

17 

NPK . . 

48 1 Dried blood . 

43-4 

41.8 

18.0 

3920 

52-09 

42.50 

9-. 59 

22.20 


ii 

Yard manure, 16 tons .... 

47-8 

44.1 

20.4 

4140 

56.66 

42.43 

14-23 

4.80 

oht' 

I9_ 

NPK . . 

96 1 Dried blood . 

50.8 

43-7 

20.6 

4210 

57-94 

42.36 

15.58 

29.40 


20 

Yard manure, 20 tons .... 

49.9 

43-2 

20.3 

3890 

.56.31 

42.29 

14.02 

6.00 

S.o: 

£1 

NPK . . 

144 

Dried blood . 

SI-6 

44-3 

21.0 

4030 

.58.77 

42.22 

16.55 

36.^ 


22 

Lime (CaO), 2 tons; yard ma- 














50,2 

44.0 

19.7 

4010 

.56.59 

42.15 

14.44 

12.60 


£1 

Lime (CiiO), 2 tons 

31-4 

32-4 

..’lA 

2540 

.38. 5 

42.08 

(-.3.5.3) 

0.00 


24 

None . . 

— 


37.5 

36.6 

13-6 

2790 

42.00 

42.00 



— 

— . 


PK . . 



lso.8 

44-6 



5.5.42 

42.26 

13.16 

15.00 

(-..m 

26 

NPKNa . 

48 

Sodium nitrate 

'50.8 

43-7 

20.3 

4250 

57-85 

42.52 

15-33 

22.20 

(-■'.Ni 

27 

NPKNa . 

96 

Sodium nitrate 

:50-7 

44-8 

2T.4 



42.78 

16.23 

20.40 

(-t, 

28 

NPKNa . 

144 

Sodium nitrate 

50-3 

44-4 


13£? 

59.30 

43-04 

16.26 

36.6 o |(-2 o ., u ; 

29 

PK . . 

— 


44.S 

43-0 

15.9 

4240 

52.43 

43 -,30 

9.13 

15.00 


30 

NPK . . 

48 

Amm. sulfate . 

,48.1 

44-3 

19-0 

4300| 

56.96 

43-56 

13.40 

22,20 

(-S..-C) 

31 

NPK . . 

06 

.Amm. sulfate . 

:5i-3 

46.2 

22.7 

4250, 


43-82 

16.64 

on An 


£1 

NPK . . 

144 

Amm, sulfate . 


43j6 

23»3 

3500 

55-32 

44.08 

11.24 

36.60 (-2;. a'’ 

33 

Land-plaster (CaS04). 640 lb. . 

:38.4 

36.3 

1.3-3 

30coi 

42.01 

44-34 

(-1.4,3) 

1.60 



Ground limestone ( CaCO i), 4 tons 

41.0 

39.1 

15-3 

3280; 

46.63 

44-60 

2.03 

6.0 

(-,-v"-' 

35 

NPK . . 

60 

Blood and bone 

'46.8 

43-6 

18.8 

46901 

56.60 

44-86 

11.83 


36 

None . . 



^42.6 

37.1 

13-0 

3330 

45.13 

45-13 


-- 



With every crop there has been a decrease in yield, varying from 
^ bushel of wheat, or 4 per cent of the crop, to 14 bushels of corn, 
or 33 per cent of that crop. The average yearly value of produce 
from one acre has decreased from $11.05 to $8.18; and this $2.87 
represents the total decrease, not for a 24-year period, but for a 
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Table 80. Pennsylvania Experiments: Four-year Rotation 
Records per Acre for Three Complete Rotations, 1S97 to kjoS 


Tkeatment for Each 

Four Years 

Average of 

12 Years 


From Four 

Acres 


i imjiortant 

: Applied 

Ni- 

tro- 

gen 

per 

■Acre 

(Lb.) 

Form of Nitro- 
gen Applied 

Corn 

Av. 

Bu. 

per 

Acre 

Oats 

Av. 

Bu. 

Acre 

Wheat 

Av. 

Bu. 

IXT 

Acre 

Ifav 

ij,: 

ixr 

Acre 

\ I'lU 

of lliv 

Crops 

\ aluv 
ifln- 
Icriii- 
iz(.d 

\',(lue 
of In- 

Cost 

..f 

mvnt 

IVolil 

{- Loss) 

1 Xoili' . . 



23.6 

21 0 

OJ 


. L 

S S2 '' 

.j, 


^ 

2 N uS lb.) 

48 

Dried blood . 

|2.v8 

2 1 

10.7 

ibeo 

23(4 

2((.0(> 

2.:;S 

7 .*'o 

(-4.(12) 

, I'ueib.) 

— 


45.8 

3O.S 


20^,0 

41-47 

2 ( 1-54 

14.03 

0 1 

()..S|) 

4 K u(j6lb.) 

— 


2 •> 

24.0 

10.4 

1S20 

3.1.14 

27.0^ 

2.1 ( 


( - 7 “Ss) 

■; M' . . 

48 

Dried blood . 


35-5 

wwO 



-j 




(, NX . . 

48 

Dried blood . 

28.S 

28.3! 12.3 

2340 

34.20 

27 .nt, 

6.2', 

17.1(1 ( - 10.05) 

: I'E . . 

— 


43-1 

37-2 

iy -7 

43(10 

s 

28.48 

2 '^-o 4 

iq.oo 

10.34 

Manure for lo years prior to i S82 

38.6 

20.0 

0-3 

,3070 

4 I.S 4 

2S,(;() 

12.88 

(D 

12.S8 

\!’K . . 

48 

Dried blood* . 


,37-7 

22.0 

4340 


20..).- 




!c Nl’K. . . 

f.6 

Dried blood . 

144.8 

3 ^ 

2?.'? 

4060 

r- i 


27. li) 

20..t0 


II Xi'R . . 

144 

Dried blood . 

U6.S 

38.7 

27.2 

4320 



20..1S 


( 7 .>-’) 

13 Nl'K. . . 

60 

Blood and lionc 

47.0 

37-3 

22.7 

4 . 3.30 

sO.t.O 

.^o.St 

2f).01 


2.S:; 

u I,iinil-|)laster (CaSOp, 640 lb. . 

1 20.6 

24.4 

12.0 

2140 

1 32.50 

1 8 

1.12 

1.00 

( .481 

14 None . . 

— 



23.6 

12.1 

JO 

. m.M 





II I’K . . 



1 43 -!> 

33-0 

1 ( 1.3 

- 14 |o 

' 32.37 


20.00 

1 5.00 

5.(|0 

\'ar(i manure, 12 

ons . . . . 

147-2 

33.5 

25.4 

■l>.'0 

|0 

31-68 

25.72 

3.''0 


17 Nl’R . . 

48 [Dried blood . 

138.7 

33-8 

23 . fl 

0 

■ 4 i-.((.S 


18.00 

2 2..’0 

( - .l.ll) 

I "I ) .ii il manure, 16 tons .... 

Uj.i 

37 -' 


444c 

‘ 30-38 

1 0 

27.88 

4.80 

23.0.S 

la NPK . . 

g6 1 Dried blood . 

| 44.7 

36.3 


,4020 

,36.37 

31 4 

24.')3 

20..10 

( -.1.43) 

30 Yard manure, 20 tons .... 

1 50.2 

38.5 

27.0 

I4710 

112.78 


! 

(1.00 

25.43 

31 NTK . . 

144 

Dried blood . 

I46.I 

36.3 


'.3(Eo 

58.42 


' 27.(8: 

■O.(.o 

( .. 12) 

33 I.iiiic (CaO), 2 tons; yard ma- 










mirc, 12 tons 


52.6 


23.3 

U6-0 


3 l -'5 

: .30.11 


17. 'll 

31 Fame (CaO), 2 tons 


2I.r 

14. 1 

; 2 , 34 o 

3 1 

3 [ .o( 

...... 

...00 

( ^ It) 

24 \'one . . 

— 

— 

i 23.3 

25.2 

13-1 

2030 

. 30.(;8 

30.08 

■ - - 



2,' . . 



44 - r 


20. > 

4200 


31.17 

■ 21.03 



2'- Nl'KNa . 

48 

Sodium nitrate 

I 47.7 

36.8 

23-6 

44(0 5 T..(( 

1 . 3 1. .3(1 

2(1.13 

2* 20 


:■ NI'KXa , 


Soflium nitrate 

I48.2 


2O. 2 

44(0 


3 ' >•- 

' 28.2O 

2<|..10 

(-1.1.1) 

2^ M'RXa . 

144 

Sodium nitrate 


38 

1 27. T 

44 >0 

fjo.ll. 

31.74 

_20.l() 

,(,.(0 

(- 7 . 4 ') 

2a I’K . . 

— 



40.5 


1S.7 

13850 

40.08 

31-03 

1 17.15 

1 ^.00 

2.1 5 

aO XPK . . 

48 

Amm. sulfate 

144.6 

35-3 

1 23.3 

;.3740 

=:,s-7. 

; 32.12 

21. Ol 

23.20 

( -.5(1) 

M’K. . . 


Amm. sulfate 

1 42.6 

36.0 


■ -^OIC 

^ 1 . 7 ' 

■ 32.31 

lo-.pi 

' Sij-IO 

( 

■ ■ 

144 

Amm. sulfate 

36.8 

37 -c 

. 21.(3 

; 2o0c 

. 17 -oh 

; . 32.50 

_l -..{8 


[ ■ 

.’a l.a.nd-plaster (CaSOi). 640 lb. . 

124-7 

26.1 

i iV.i) 

20-c 


■ 32.6,. 

(- 1.03 1 

IJ.O 

( “2/j.t) 

.'4 1 j ''ound limestone (CaCOa), 4 tons 

|28.8 

25.7 

15.8 

12470 

, 36.21 

52 

3 -. 3 .8 

: 

(- 3 /) 2 j 

M'K . . 

60 

1 Blood and bone 

I50.1 

3: ' 

1 24.6 



33.07 

2(1.80 



Xiine . . 


1 

124.6 


I ’ 

1 


3 . 3-27 

,3.3.27 



1 “ \ 


12 -year period. Of course, the actual decrease will grow less and 
as soil depiction continues, even though the per cent of decrease 
^tniain constant, for, as already stated, it is as impossible to com- 
pli^tely exhaust a soil as it would be to exhaust a bank account 
under a contract that only 2 per cent of the remaining deiiosit 



430 INVESTIGATION BY CULTURE EXPERIMENTS 

could be withdrawn at any one time. (Two per cent per annum iS 
approximately the rate of decrease in crop values from the 20 un- 
fertiIizedj)Iots in these experiments.) 

There are only four combinations of commercial plant food that 
have maintained the productive power .of the soil, and these arc all 
combinations of the three elements; plot ii (with dried blood, 
144 lb. N), plots 27 and 28 (with sodium nitrate, 96 and 144 llj. Xi, 
and plots 12 and 35 (with bone and blood, 60 lb. N). However, as 
an average of the 24 years, the increase was not sufficient to pay 
for the cost of treatment on any of these plots. It appears, however, 
that during the second 12-year period plots 12 and 35 have, as an 
average, paid the cost of the plant food and left a net profit of 
$3.29 from the four acres. Thus it will be noted that the only- 
plots receiving commercial plant food that has paid its cost even 
for the second 12- year period and that has also fully maintained the 
crop yields are those treated with ground bone. The difference in 
favor of ground bone is not sufficient to show that it is distinctly 
better than acid phosphate, but we may surely conclude that the in- 
soluble bone is at least as good as the acidulated form. 

During the first 12-year period the net profit from the use of 
manure decreased as the amount of manure increased above 12 
tons, but during the second 12-ycar period the value of the 12 -ton 
application is more than twice as much as during the previous 12 
years, and the greatest net profit per acre is where the hca\ iest 
applications are made (counting 30 cents a ton for manure), but 
the value per ton is still greatly in favor of the lighter application, 
the first 12 tons being worth $2.14 a ton and the next 8 tons only 
72 cents, compared with $1.14 and 4 cents, respectively, for the 
first 1 2 years. While the larger amounts of manure show a dist inct 
cumulative effect ($56.31 to $62.78, or $6.47 a year from the tour 
crops), the lightest application has but little more than maintained 
the earlier crop yields, the markedly greater apparent profit dur- 
ing the second 12 years being due to thje decreased yields of the 
unfertilized land. 

In Table 81 is given a summary of the effect of treatment over 
the 24-year period, and also a concise statement showing the acluul 
or absolute profit or loss from every system, based upon the aver- 
age yields secured during the second 12-year period in comparison 
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Table 81. Pennsylvania Experiments: Four-year Rotation 
Summary of Financial Results from Soil Treatment in Four-year Rotation 


Tkeatmeni for Each Four Years 


From Four Aches, One each of Corn, Oats, Wheat, 
and Hay 


i 

^ Important 
Laments 
i 1 Applied 

Ni- 

tro- 

gen 

A^e 

Form of Nitrogen 
Applied 

Effect of 
Treatment 
(Av. of 24 
Years, 

1885 to 1908) 

of the 
Four 
Crops 
Av. of 

Value 
if Un- 
fertil- 
ized 
Av. of 

Value of 
Increase 
of 2d 

Cost 

of 

Treat- 

i 

i 

(Lb.) 


Profit 

Loss 

2d 12 

v,. 

Yr. 



v,™> 





$ — 

? 


•?37.77 

(-•?I2.T9) 

S 

2 N US lb.) 

48 

Dried blood . . 


4.18 

28.04 


(-9.51) 

7.20 

3 !’ 143 lb3 



. . . 

7.1.3 

— 

41.47 

38.53 


5.40 

4 K. (i()0lb.) 

— 

. . , 



7.2.S 

20.14 

58.01 

(-9.77) 


? NP . . 

48 

Dried blood . . 

5.06 

— 

47-cM 



J2.24 

6 NIC . . 

48 

Dried blood . . 

11.77 

34.20 

39-67 

(-.5-17) 

17.1(1 

7 PK. . . 

— 

. * . 

5-32 

— 

53.S2 

40.0n 

13.77 

15.00 

s Manure fo 

10 years prior to 1882 . 

12.02 

— 

41.84 

53.23 

(-II.,50) 

— 

y XPR . 

48 

Dried blood . . 





40.81 

I t.<l7 


10 .M'K: . 


Dried blood . . 

— 

6.q8 


’ N 'M 

Ofi 

ii.Xl’K. . 

144 

Dried blood . . 

— 

13.10 



i 8.,52 

56.(10 

12 XPK . 

60 

Blood and bone . 

— 

2.88 

,36.00 

41-95 

1-1-95 

23.16 

I,', Land-plast 

"r (CaSOi), 640 lb. . . 



.12 

32.50 

42-33 

(-0.S.5) 

l.fiO 

14 Xone . 


. . . 

— 

— 

31 80 

42.71 

(-10.85) 


i> PK . . 


, , . 

1.20 


.52.37 

42-94 

0-7.? 

15.00 

1(1 A'iinl manure, 12 

tons 

16.15 

— 

57-40 

42.57 


3.60 

17 XPK . 

48 i Dried blood . . 

— 

8.3.3 

40.68 

42-50 


_22:20 

^’ar(l manure, 16 tons 

16.27 

— 

59-.38 

42.43 

i 6.<)5 i 

4.80 

m XPK . 

96 1 Dried blood . . 

— 

9- IS 

.56.U7 

42.36, 

14.01 

29.40 

20 \'ard manure. 20 

tons 

16.73 

— 

62.7S 

42.29 

20.40 

6.00 

21 XPK . 

144 1 Dried blood . . 

— 

14-70: 

i 58.42 

42.22 

16.20 

36.00 

22 l.imc (CaO), 2 tons; yard manure, 
12 tons 

9.64 


1 61.26 

42.15 

TO.n 

12.60 

Lime (CaO), 2 tons 

i 10-45 


42.0S 

(-10.46) 


24 X'one . 

— 

. . . 



30.98 

42.00 

(-1 1.02) 

— — 

2“ PK . . 



2.50 


53-10 

42.26 

10.84 

15.00 

2'- XI^KNa 

48 

Sodium nitrate . 


i-4e! 

57-40 

42.52 

14.97 

22.20 

2: XPKNa 


Sodium nitrate . 

— 

7.22' 

,50.81 

42.78 

17-03 

29.40 

2_s XPKNa 

144 

Sodium nitrate . 

— 

13-90’ 

60.03 

4.5.04 

17.89 

,56.60 

2» l‘K . . 



^ • 



i 49.08 

43-.50 

5.78“ 

15.00 

30 XPK . 

48 

Ammonium sulfate 

— 

4!68 

1 .53-73 

43-.56 

10.17 

22.20 

31 XPK . 


Ammonium sulfate 

— 

11-37 

i 51.75 

43.82 

7-93 1 

29.40 

32 XPK . 

144 

Ammonium sulfate 

— 

23-16 

47-08 


3-90 1 

36.60 

.33 l.and-plaster (CaS04), 640 lb. . . 

M (Iround limestone (CaSOs), 4 tons 


2.83: 

: 31-66 

44.34 

(-12.0,S) 

1.60 

— 

3-29 

36.26 

44.60 

(-8. ,54) 

6.00 

3.3 XPK . 

60 

Blood and bone . 

— 

3-74 j 59-96 

44.86 

15.10 

2,3-16 

t’ Xone . 

Z1 

... 


1 


45-13 

(-11.86) 



IVrmam-nt 

Sysk-ms 


I’rolit 

1 

-■? — 

Sli.K) 


16,71 


2.40 


19.7.5 


.5-59 


22.63 


(■2,5 


7.28 


13-47 


i.S.2.8 

y. 

8,21 


10.85 

11.25 

5.27 

12.15 

15.02 

— 

15-.59 

14.49 

— 




6.51 




j 10.46 

_y 

4.16 

— 

7-2,i 

— 

I2.,57 


18.71 

— 

21.47 

— ^ 

32-70 

— 

14.28 

— 

14.34 

— — 

8.q6 


11.86 


yields of the unfertilized land during the previous 12 years, 
this means only are we able to avoid the exaggerated influ- 
ence which is always credited to the soil treatment when com- 
P^'irison is made with the decreasing productiveness of unfertilized 
check plots. 
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For this purpose these Pennsylvania data are probably the most 
valuable the world affords; and, in the author’s opinion, this 
volume presents no more significant facts than are contained in 
Table 8i. 

The decrease in productive value of the unfertilized plot is 
markedly uniform, notwithstanding the variation among those 
plots, the average decrease in value per acre per annum being $2.8“ 
and the widest variation from that average being i8 cents. Plot 8, 
which had received manure during the lo years previous to 1882, 
shows the same decrease as the other four unfertilized plots, the 
average for the four others being $t 1.46, while plot 8 shows Si 1.39. 
The average yield of the No. 8 plots during the second 12-ycar 
period is slightly less than the average yield of the four other 
unfertilized plots during the first period. 

From Table 81, it will be seen that, for permanent systems of 
farming, no form or combination of commercial plant food has been 
used with profit, the annual loss from four acres varying from 
$2.46 with phosphorus alone, S3. 59 with phosphorus and nitrogen, 
and $5 (as an average) with phosphorus and potassium, to S20.40 
and $32.70 with the complete fertilizer carrying the largest amounts 
of dried blood and ammonium sulfate, respectively. 

Manure costing 30 cents a ton shows net profit in all cases, but 
the profit is greatly reduced by the addition of caustic lime at 
$4.50 a ton; although the lime produced sufficient increase to ]\ay 
$2.14 a ton for it for use with manure, and the effect of the lime- 
manure treatment is distinctly cumulative, especially upon the 
clover and timothy, the yield of hay from the lime-manure plots 
being 640 pounds higher during the second 12 years than during 
the earlier period, and 500 pounds more than from the manure 
alone during the second period. 

Would ground limestone at less cost produce a greater bend it, 
and would the use of phosphorus also with farm manure or green 
manure produce still greater net profit? The Ohio investigations 
answer the latter question with a most emphatic affirmative. 
(See Tables 37, 38, 39, and 39&.) 

Thus it will be noted that, as an average of the same 12 years 
(1897 to igo8), the value of the produce per acre per annum 
$14.35 where 12 tons of manure are used in the Pennsylvania 
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four -year rotation, $13.76 where 8 tons of manure are used in the 
Ohio three-year rotation (corn, wheat, and clover, — sec Table 
.q/)], and 17.29 where 40 cents worth of raw phos})hate, or 80 
cents’ worth of acid phosphate, was used in connection with 8 tons 
of manure in the Ohio rotation. 

From Table 81 it can easily be determined that the absolute 
value per ton of manure for permanent systems is $1.24 for the 
smallest amount used, $1.06 for the medium amount, and $1.02 
lor the heaviest application. For the additional 8 tons (12 to 20) 
the manure was worth 71 cents a ton. 

Based upon comparison with the yields from the untreated land 
(luring the last 12 years, the 12 tons of manure for the Pennsyl- 
vania four- year rotation were worth $2. 14a ton; while, for the same 
12 years, the 8 tons of manure, in the Ohio three-year rotation, 
were worth $1.82 a ton for the yard manure and $2.41 a ton for 
the stall manure. (See Tables 37, 38, and 39.) 

Director Thorne has emphasized the fact that the Ohio experi- 
ments at Wooster were started on fields that had for many years 
been under exhaustive tenant husbandry, and the unfertilized 
plots at Wooster during the last 12 years arc more nearly comjtar- 
ablc with those at State College during the same 12 years than dur- 
ing the first 12 years. Thus the average annual produce per acre 
for the same three crops, corn, wheat, and clover, was Sro.35 for 
the first 12-year period and $7.77 second 12-year j)eriod, 

in Pennsylvania; while for the last 12 years the average value 
in Ohio has been $8.06, these values being based upon the normal 
unfertilized plots, the No. 8 plots at State College, and the No. i 
and No. ii plots at Wooster (sec Table 40) not being included. 
If the oats are included, the Pennsylvania figures would be $10.47 
for the first 12 years and $7.61 for the second period. 

In Pennsylvania Bulletin 90 (1909)7 Director Hunt summa- 
rizes the results of the first 25 years covered by these experiments. 
The following tabular statement, containing figures based upon 
Pennsylvania values, may be of special interest to the student of 
Pastern conditions. 

The upper part of this table shows the total weights of the seven 
products harvested, including ear corn, com stover, oats, oat straw, 
'\Peat, wheat straw, and hay; and the lower part shows the total 
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values at 75 cents per loo pounds of ear com, 32 cents a bushel 
for oats, $1.33 per 100 pounds of wheat, $2.50 a ton for com stover 
and straw, and $10 a ton for hay. 


Table 8ip. Pennsylvania Field Experiments 


Plant 

Food 

Applied 

Un- 

PEKTIL- 

Nitro- 

gen 

(48 Lb.) 

Phos- 
phorus 
(42 Lb.) 

Potas- 
sium 1 
(166 
Lb.) 

Nitro- 

gen 

AND 

Phos- 

phorus 

Nitro- 

gen 

Potas- 

sium 

Phos- 

phorus 

Potas- 

sium 

Blood 
(48 Lb. 
N), 
Phos- 
phorus, 
Potas- 
sium 

Blood 
(96 Lb. 
N), 
Phos- 
phorus, 
Potas- 
sium 

Uloob 

I'ilfK- 

I’UOKfs, 

Years 

Pounds of Total Products from Four Acres. (Averages) 

1882-86 

1887-91 

1891-96 

1897-01 

1902-06 

14679 

14339 

12611 

9562 

9848 

14479 

14060 

11461 

8326 

8955 

14628 

15204 

14647 

12229 

12907 

14598 

14476 

12404 

8780 

9581 

16176 

16469 

16622 

14038 

14.358 

15031 

15959 

12840 

10450 

11778 

16577 

17090 

17764 

15440 

16368 

16889 

17492 

18352 

15867 

16335 

17994 

18706 

19415 

16981 

17780 

17933 
102 10 
19786 
17221 
tSooS 

1882-06 

12210 

1 1457 

13922 

11967 

15534 

12814 

16647 

16986 

18137, 

18653 

Years 

I Values of Total Products from Four Acres. (Averages) 

1882-86 

1887-91 

1892-96 

1897-01 

1902-06 

$75-35 

75-46 

64.29 

49.16 

50.88 

$73-6 i 

74-13 

58.57I 

42.36 

45-50 

$74-76 

79.66 

75-581 

61.80 

67.28 

$73.90 

74-61 

61.34 

43-63 

47-30 

$83.35' 

86.151 

85-75I 

71.91 

74-83 

$74.82 

77-85 

62.88 

51-85 

54-13 

$85-34 

87-56 

89.08 

76.81 

83-73 

$85.20 

87.81 

90-75 

77.92 

83.87 

$89.21 

93-49 

95-59 

83.07 

90.92 

$91-53 

94,70 

96,56 

85-25 

05-87 

1882-06 

5563.03 

$58.84 

$71-79 

$60.16 

$80.40 

$64.31 

$84-51; 

$85.10 

$90.47 

s$ 02 . 7 Q 

1887-96 

1897-06 

I69.88 

50.02 

$66.35 

43-93 

$77.62 

65-54 

$67.98 

45-47 

$85-95 

73-37 

$70.37 

52.99 

$88.32 

80.27 

$89.28 

80.90 

$94-54 

87.00 

$95-63 

90.56 


The last two lines in the table are lo-year averages computed 
by the author, all other figures being copied from Pennsylvania 
Bulletin 90. 

In his discussion of these experiments. Doctor Hunt makes the 
following comments (Bulletin 90, page 14) : 

“The most striking fact brought out by this table is that the application of 4^ 
pounds of phosphoric acid and 100 pounds of potash in alternate years to a 
rotation consisting of corn, oats, wheat, and mixed hay (timothy and clover), 
namely, to the com and wheat, has, during twenty-five years, maintained the 
crop-producing power of the soil. There is no evidence thus far to show but 
what the supply of nitrogen can be indefinitely maintained on this limestone 
soil by means of a rotation containing clover, provided the mineral fertilizers are 
abundantly supplied.” 
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These statements, if true, arc of tremendous significance to 
American agriculture, for they refer to the oldest experiments of 
the kind in the United States; furthermore, the phosphorus- 
potassium plot is repeated four times in every series, so that the 
average results are from 16 different plots of normal soil every year 
for twenty-five years, and they must be considered highly trust- 
worthy. The small amount of limestone contained in this Penn- 
sylvania soil can very easily be supplied to any other soil by the 
direct application of ground limestone. 

It will doubtless be agreed by all that the results of the first few 
years at the beginning of a rotation and fertilizer experiment are 
not to be considered as comparable with the subsequent results. 
There are several reasons for this; but, for the present purpose, 
it is sufficient to consider that nitrogen may not have been a limit- 
ing element for all crops at the beginning. The data given in 
Table 81P are not satisfactory for making any study of this special 
point, because the averages for the unfertilized land include the 
results from plot 8 which is represented to have received annual 
ap])lications of manure during the ten years previous to 1882, 
because of which the addition of nitrogen alone appears (from 
Table 81P) to have actually decreased the crop yields, which is 
not the case if we accept the- system of comparison adopted for 
Tables 78 to 81. 

It must be evident from every point of view that nitrogen was 
not the limiting element for all crops at the beginning of these 
experiments. It is evident, however, that phosphorus was the 
principal limiting element at the beginning. 

Now, for the sake of simplicity, let us assume that from a given 
type of very uniform soil (see Table 87) sufficient j)hosphorus w ill 
become available during the season (1903) to meet the needs of a 
5.pbushel crop of corn (plot 102), w^hilc sufficient nitrogen wi ^ )c 
liberated for a 62-bushcl crop. The application of nitrogen wit 
out phosphorus could not be expectetl to appreciably increase t c 
yield (plot 103), while the addition of sufficient phosphorus with- 
out nitrogen should increase the yield from 54 to 62 bushc s, ut 
unless nitrogen was also supplied, the yield could not be expected 
to go above 62 bushels. However, by applying nitrogen m addition 
to phosphorus, the yield might be still further increased (as to 69 



436 INVESTIGATION BY CULTURE EXPERIMENTS 

bushels on plot io6) to a point where perhaps the supply of avail- 
able phosphorus again becomes the limiting factor. In other 
seasons or in later years, these conditions may become reversed, 
with nitrogen as the most limiting element, and phosphorus with 
little or no effect except in addition to nitrogen. (Note the results 
for 1907 and 1908, in Table 87.) 

We can conceive of conditions under which the supply of nitro- 
gen naturally liberated from the soil, when supplemented by that 
secured from the air by clover grown in the rotation, will meet the 
needs of the crops grown for several years, during which the nitro- 
gen does not become the limiting element to any marked degree, 
and it must be plain that in such case the crop yields give little or 
no information concerning the maintenance of nitrogen in the soil, 
Thus, it is only after nitrogen becomes the limiting element, in 
any given system, that the crop yields become an index as to the 
possible permanency of the nitrogen supply. 

In soils that are markedly deficient in phosphorus, that element 
may still remain the limiting element after the first small apj)!!- 
cation has been made, provided the increased supply of available 
phosphorus is not sufficient to raise the crop yields to the point 
where nitrogen, for example, becomes the limiting factor; and it is 
easily conceivable that the increase produced by supplying ])o- 
tassium in addition to phosphorus, in the Pennsylvania experi- 
ments, was due, in part at least, to the power of potassium salts 
to hold the phosphorus in available form. Even where heavy 
applications of potassium were made, the sodium nitrate was more 
effective than dried blood, and, if only sodium nitrate had been 
added with phosphorus, the sodium would very probably have 
produced nearly as marked results as were produced by potassium. 

There are too marked variations among duplicate plots on the 
Pennsylvania field to justify fine distinctions, and even on more 
uniform land there are many factors involved with different cro])S 
and different seasons; but we dare not ignore the fact (Table 81 P) 
that the average value of the crops from four acres receiving phos- 
phorus-potassium treatment decreased from $88.32 to $80.:" 
during ten years, from 1891-1892 to 1901-1902, which arc the 
middle points of the two lo-ycar periods. Whether we consider 
the values or the pounds of products, the apparent decrease is 
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approximately lo per cent in lo years, and if this rate of decrease 
continues, we may expect the average values to drop during suc- 
cessive lo-year periods from $8o to $72, to $65 to $59, to $53, and 
to S48, in the next 70 years. 

It will be noted that the dividing point between the two 10-year 
periods in Table 81P is exactly the same as between the two 12- 
year periods referred to in Tables 79 and 80; and it may also be 
noted that, as an average of the four phosphorus-potassium plots, 
the average yields during the second 12-ycar period sliow 6.4 
bushels less corn, 8.3 bushels less oats, and 25 pounds less hay, but 
with 3.5 bushels more wheat, than during the first 12 years. These 
figures mean that for each rotation (four years) the yields have 
decreased by 2.1 bushels of corn, 2.8 bushels of oats, and 8 [lounds 
of hay, while the yield of wheat shows an increase of 1.2 
bushels. The algebraic sum shows, as an average, that each re- 
curring rotation produces $2.36 lower crop values from an acre of 
land than during the preceding four years. 

All this must remind us of the mineral plot on Agdcll held, where 
the yields of turnips and legumes are still well maintained, and tlic 
wheat yield has appreciably increased, while only the barley has 
very markedly decreased. 

l\Iathematically, it is not possible for the roots and stubble of 
the clover crop to furnish sufficient nitrogen for the other four 
crops, — timothy (associated with the clover), corn, oats, and 
wheat; but the question again arises, whether important amounts 
of atmospheric nitrogen may not be fixed that are not thus ac- 
counted for. It is fully established that the a/.otobacter (and 
possibly other similar bacteria) fixes measurable quantities of 
free nitrogen under favorable conditions; and it is also fully es- 
tablished that the bacteria which commonly live in symbiotic 
relationship with legume plants can fix appreciable amounts of 
tree nitrogen, under suitable artificial conditions, and entirely 
independent of legume plants. It is thus conceivable that these 
may fix nitrogen to a greater or less extent while they continue to 
live, not in the tubercles of growing clover, but upon the dead and 
decaying residues; and, if such is the case, it is exceedingly 
probable that the presence of carbohydrate matter (as in plant 
residues) and a liberal supply of available mineral plant food m a 
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limestone soil, will furnish the very favorable conditions, althougli 
the data thus far reported from Agdell field (Table 75) show a 
greater average loss of nitrogen (245 pounds from the surface 9 
inches only) from the phosphorus plots than from the untreated 
plots (105 pounds) in the legume rotation; while, as an average of 
the four plots, the fallow rotation lost less nitrogen than the legume 
system. 

It should be kept in mind, also, that the organic matter of the 
soil contains nitrogen as well as carbon, and that the amount of 
combined nitrogen liberated from this organic matter may be 
nearly or quite sufficient to meet the needs of the bacteria that can 
be supported by the carbonaceous food. In laboratory cultures 
the fixation of nitrogen amounts to about 10 milligrams for each 
gram of sugar (mannite) consumed by the ‘‘free-living” bacteria.* 
Thus the amount of nitrogen fixed is equal to about i per cent of 
the carbonaceous food consumed ; whereas the organic matter of 
the soil contains, as a rule, more than 2 per cent of nitrogen. 

On Broadbalk field the nitrogen ^ content of the surface 9 inches 
decreased during 28 years (1865 to 1893) by 285 pounds (from 2722 
to 2437) on plot 3 (unfertilized) , by 265 pounds (from 2782^0 2517) 
on plot 5 (minerals), and by 63 pounds (from 3034 to 2971) on 
plot 7 (minerals and 86 pounds of nitrogen) ; while the only in- 
creases shown are 633 pounds (from 4343 to 4976) on plot 2 (farm 
manure), and 13 1 pounds (from 2991 in 1865 to 3015 in 1881 and 
to 3122 in 1893) on plot 14, which receives ammonium salts (86 
lb. N), acid phosphate, and magnesium sulfate. ^The possibility 
of erosion or deposit from surface washing should not be OAcr- 
looked. Compare the nitrogen content of plots ii, 12, 13, and 14 
with respect to each stratum, as shown in Table 73.) 

* In this connection attention is called to the point that if increased growth of 
plants is caused by the use of pyrogallol, as reported from the unverified experi- 
ments of Whitney and Cameron, it may be due to the fixation of free nitrogcir !>}’ 
the nonsymbiotic bacteria that find in pyrogallol a suitable carbonaceous o 4 
supply. It is known that the addition of sugar to ordinary soil deficient in nllrcgen 
wall increase the growth of nonleguminous plants because of the increased nitrogen 
fixation by the “free-living” bacteria. 

* All of these determinations were made by the older soda-lime method nnd 
are considered trustworthy for comparison, but the 1893 analyses reported in Table 
73 were made by the newer Kjeldahl method, which gives somewhat higher and 
more nearly correct results. 
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\s already stated, a study of the present nitrogen content of the 
^oil of Agdell field will probably furnish more satisfactory informa- 
tion than can be secured' from any other source at this time. 

It is very evident that the loss of nitrogen in drainage water 
usually exceeds the addition in rainfall; and, unless there are 
sources of nitrogen other than can be found by the analysis of the 
Ic'umc plants (tops, roots, and tubercles), we must make provision 
to'supply a sufficient excess of nitrogen in farm manure, crop resi- 
dues, or otherwise, to meet the needs of large crops and to overcome 
the loss in drainage from rich land. 

In Bulletin 221 of the New Jersey Agricultural Experiment 
Station, issued July, 1909, Voorhccs and Lipman report in detail 
the results of ten years’ investigations with twenty culture exjieri- 
ments (in triplicate) in which corn, oats, wheat, and timothy were 
grown in rotations in 60 cylinders, each 4 feet long and 23.] inches 
in diameter, set in the earth and open at both ends, so as to approach 
natural conditions for drainage. Cow manure, fresh and leached, 
and cow dung (solid excrement), fresh and leached, were used with 
and without sodium nitrate, ammonium sulfate, and dried blood, 
in various combinations. 

At the beginning of the experiment, in 1898, the surface soil 
(8 inches deep) contained 155.47 grams of nitrogen in each cylinder. 
The amounts of nitrogen applied during the ten years varied from 
38.25 grams in the leached dung to 58.31 grams in the fresh manure 
and sodium nitrate combined. The total amounts of nitrogen 
removed in the sixteen crops harvested during the ten years varied 
from 21.88 to 36.70 grams; and the total loss of nitrogen, other 
than that contained in the crops removed, varied from 25.12 to 
30.38 grams. Thus, in these long-continued and very carefully 
conducted experiments the absolute chemical control shows loss 
of nitrogen by leaching far in excess of po.ssiblc additions by rain- 
fall, azotobacter, etc. 

After a full consideration of the data accumulated in t esc 
cxjieriments with respect to their bearing upon the question 0 
denitrification, the authors make the following statements. 

“We must conclude, therefore, that at least with cow manure, uscrl at the 
of sixteen tons per annum for a period of ten years, no estruction 0 m 
tu,ies takes place. In view of the long duration of the experiment, and of the 
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comparatively large amounts of manure used in the course of the ten seasons, we 
must assume that denitrification is not a phenomenon of economic importance, in 
general farming and under average field conditions. ... We have no In cita- 
tion in emphasizing again the view expressed above that under the wide range 
of field conditions, denitrification is not a phenomenon of econoinic significance 
to the general farmer.” 

With our present knowledge we should not do less than to base 
our practice upon the known mathematical and chemical facts 
concerning the nitrogen requirements of crops and the nitrogen 
content of manures, legume crops, and crop residues. 



CHAPTER XXI 

OHIO FIELD EXPERIMENTS 

Aside from the experiments outlined in Tabic 40, which deal 
csi^ccially with manure, alone and reenforced with different mate- 
rials, the Ohio Experiment Station has conducted, for 15 years, 
two very extensive and valuable investigations by means of |)lot 
experiments, relating to the maintenance of soil fertility. In 
one of these a five-year rotation is practiced on five separate 
fields or series, each of which contains 30 tenth-acre plots about i 
by 16 rods, each of the five crops, corn, oats, wheat, clover, and 
timothy, being represented every year (excepting the clover and 
timothy for the first two years). In the other investigation, 
potatoes, wheat, and clover arc grown in a three-year rotation on 
three separate series, each of which contains 34 tenth-acre plots of 
the same shape. Each of the crops is represented every year (ex- 
cept wheat the first year and clover the first two years). The detail 
plan of these experiments and the average results secured for the 
15 years (1894 to 1908) are shown in Tables 82 and 83. 

Seasonal variations are too great to justify an attempt to de- 
termine from the data secured in fifteen years (only 13 years with 
clo\'cr and timothy) whether the productive power of the soil is 
increasing or decreasing. It will be recalled that Jethro Tull grew 
13 crops of wheat in succession on the same land without the use 
of manure or fertilizers, and from the data secured the conclusion 
drawm, that a good crop of wheat, for any number of years, 
may be grown every year upon the same land without any manure 
from first to last.” A more recent similar illustration is furnished 
the Minnesota Experiment Station, showing average yields of 
bushels of wheat from 1893 to 1898, and 17.2 bushels from 
tSoQ to 1904, where wheat was grown every year without manure 
Of fertilizer. 
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Table 82. Ohio Experiments; Five-year Rotation 


Average Records per Acre for Three Rotations, 1894 to 1908 



plots 17 and 24, and 20 lb. on plot 26) and the balance of the nitrogen in sodium 
nitrate (70 lb. N in 440 lb. of nitrate), acid phosphate (20 lb. P in 320 H). 0^ 
phosphate), and potassium chlorid (io8 lb. K in 260 Ib. of potassium chlorid, 
“muriate” of potash). Where some other material is used for any element, 
linseed-oil meal for nitrogen, less acid phosphate and potassium chlorid are applied, 
so as to correct for the phosphorus and potassium carried in the oil meal. 


The possible influence of abnormal years upon the average of a 
few years is well illustrated in the wheat yields of these expcri- 
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ments at -Wooster, Ohio, which are summarized in Table 82. 
The average yield of wheat on the ten unfertilized plots was 19.3 
bushels per acre in 1894 and 19.5 bushels in 1908, while i.i bushels 
was the average yield for 1896, and i.i bushels was also the average 
yield for 1900. The average was 3.0 bushels in 1895 and 13.9 
bushels in 1907. 

As a rule, land that has been heavily eropped with almost con- 
tinuous grain-growing, and with little or no manure, will produce 
markedly better crops for several years after a good rotation sys- 
tem is well established, and this fact often leads to a most serious 
error on the part of the farmer; namely, to the conclusion that 
crop rotation will maintain the productive power of Ireland. 
The rotation helps to avoid the breeding of insects that would 
prey upon a single crop, and it is beneficial in various other ways, 
especially when clover or other biennial or perennial crops arc 
introduced which increase somewhat the amount of active organic 
matter in the soil, the decomposition of which will furnish succeed- 
ing grain crops with some plant food contained in such crop resi- 
dues and with additional and often more important amounts liber- 
ated from the soil by the decaying organic matter. 

Of course this benefit upon the grain crops cannot be secured 
until after the clover or grass crops have been seeded and grown, 
and the land again plowed up and used for the grain crops; and, 
furthermore, on land which has not grown clover for many years, 
the infection with the clover bacteria is sometimes so imperfect 
that the first clover crop serves chiefly to increase the bacteria, 
and thus furnish a perfect infection for the second seeding, which 
'■ery commonly produces a larger yield than the first seeding; 
and, if so, it may be followed by correspondingly larger yields of 
corn or other grains. 

In consequence of these different influences the crop yields may 
he better the second or third rotation than during the first. With 
Ihe Pennsylvania experiments we can pass over a preliminary 
period of three years, and then consider the results of three com- 
plete rotations followed by three other complete rotations; and, 
hy including in our comparison the four crops grown every year, 
Ihe results are significant; but as yet no such comparisons are 
possible with the Ohio investigations. We can, however, note the 
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effect of the plant food applied by comparing the yields of the 
treated and the untreated plots, but we must not assume that all 
systems of treatment that appear profitable from this comparison 
will prove to be absolutely profitable in continued practice. 

The common soil at Wooster contains about 1880 pounds of 
total nitrogen, 960 pounds of acid-soluble phosphorus (perhaps 
1100 pounds of total), and 31,000 pounds of total potassium, in 2 
million pounds of the surface soil. Thus it is markedly deficient 
in both nitrogen and phosphorus, and it may also be stated that 
this soil is distinctly acid. During the last six or eight years liberal 
applications of lime have been made to half or all of each of the 
five serie^, the unfertilized plots having been limed the same as the 
others; and in practically all cases distinct benefit has resulted 
for all crops, the most marked effect being upon clover, and then 
naturally upon the crops following clover. 

Table 82 illustrates very well the fact that the farmer cannot 
always afford to raise the largest possible crops that can be pro- 
duced by applications of commercial plant food. The largest 
gross return from the five acres is from the No. 12 plots ($71.54'' 
but the amount of net profit and the per cent of net profit from that 
plot are less than from any other profitable treatment. 

It is plain that, as an average, for this rotation, phosphorus is 
the most limiting element, but, after phosphorus, the nitrogen limit 
is also very distinct. Thus phosphorus alone increases the returns 
from five acres from $42.34 to $55.32, with a net profit of $10.53, 
or 441 per cent on the money invested in the 20 pounds of the 
phosphorus applied. The addition of $11.40 worth of nitrogen 
(with sodium) with phosphorus produces an increase of $11.05 
more than with phosphorus alone, thus showing a net profit for 
nitrogen of 25 cents, or 5 cents an acre, or 2 per cent on the money 
invested. In all other cases nitrogen, as well as potassium, hns 
been applied at a loss, and in every other case wherever the use ol 
commercial plant food has been profitable the entire profit has been 
made by the phosphorus, and after the phosphorus had paid lor 
some net loss caused by the other elements. 

Both the invoice (soil analysis) and the crop yields agree in ilu-’ 
deficiency of nitrogen and phosphorus; but these two sources ol 
information appear to disagree as to the need of potassium. Thort' 



OHIO FIELD EXPERIMENTS 


445 

is some evidence which indicates that more or less of the effect of 
the potassium salt is due to indirect action rather than as ])lant 
food. Thus the sodium nitrate on plot 17 produces distinctly 
better results than the oil meal or dried blood on plots 21 and 23. 
(About twice as much potassium was applied in the Pennsylvania 
Experiments, but the sodium nitrate shows superiority over dried 
blood during the second 12-year period, after the supply of humus 
has probably become somewhat depleted. If the blood nitrogen 
failed to become available with sufiicicnt raj)idity, one would 
expect it to produce cumulative bcnelits like the manure, to some 
extent, but such is not the case.) 

In the Ohio experiments the average effect of potassiunijias been 
nearly the same, whether applied alone ($4.89 on plot 3), in addi- 
tion to phosphorus ($5.66 on plot 8), or in addition to both nitrogen 
and phosphorus ($5.70 on plot ii), although nitrogen and plios- 
phorus without potassium (plot 6) produced an increase of S24.63, 
or 59 per cent above the unfertilized land (S41.73). More than half 
of this increase must be credited to phosphorus alone, and less than 
half to nitrogen after phosphorus; while, in reverse order, nitro- 
gen gets one fourth and phosphorus three fourths of the credit. 
Xitrogen alone produced an increase of only $6.73 (plot 5), and it 
is questionable if this increase is not in part due to indirect action, 
such as increasing the availability of the soil phosphorus, the effect 
on the clover crop being as marked as on the other crops. As an 
average the effect of nitrogen and potassium together is only 
S'. 73, leaving a net loss of $10.15; addition of 20 fjounds 

of phosphorus, under this most favorable condition, j)ays back this 
loss and adds a net profit of $10.05, making a gro.ss increa.se of 
§22. 60, or almost ten times the cost of the phos])horus, which 
certainly establishes well the fact that, if the farmer can supply 
the nitrogen in clover or in manure, and liberate the potassium 
etc. by means of the decaying organic matter, there must be large 
ptolit from the use of purchased phosphorus. (In fine-ground rock 
phosphate the 20 pounds of phosphorus will cost about 60 cents, 
^t present prices.) 

Phosphorus is evidently the limiting element on all plots where 
“h pounds of nitrogen have been supplied, practically no increase 
being produced by the extra nitrogen on plot 12, and twice as much 
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phosphorus being removed from plot ii in the crops produced as is 
applied during the five years, as is easily determined by computa- 
tion. It is impossible that the crop yields will be permanently 
maintained under this system, unless the partially depleted sur- 
face soil is removed by erosion at least in corresponding rapidity as 
the phosphorus is removed in crops. 

On the other hand, nitrogen must be the limiting element where 
30 pounds of phosphorus were used; but, wherever the amount of 
phosphorus was increased, the nitrogen was also reduced, so that 
it is impossible to determine what effect is produced either by in- 
creasing the phosphorus or by reducing the nitrogen. 

The experiments on plots 14 and 15 are essentially variations in 
amount used of a complete fertilizer; but on 15 the fertilizer is 
applied for wheat, and on 14 for com and wheat, while on all other 
plots the fertilizers are applied in three portions, for corn, oats, and 
wheat. (The manure is applied in two equal portions, for com 
and wheat.) 

The comparison of the different forms of nitrogen is valuable, 
because nitrogen is the limiting element on those plots; while the 
comparison of different phosphates is likewise so planned that 
phosphorus is the limiting element. 

The insoluble phosphorus in raw bone, basic slag, and tankage 
is reckoned at 10 cents a pound. 

In the main the Ohio experiments reported in Table 82 were 
designed to supply about the same quantities of nitrogen, phos- 
phorus, and potassium, as were removed in the average crops pro- 
duced by farmers on the ordinary land in that section of the state. 

Where complete fertilizers are used by farmers in a rotation of 
this kind, about 200 pounds per acre may be applied 4 or com and 
again for wheat, making 400 pounds for the rotation. The most 
common composition is the 2-8-2 goods, containing 2 per cent 
of ammonia (NH3), 8 per cent of “available phosphoric acid” 
(P2O5), and 2 per cent of potash (K2O); or, in the 400 pounds, 
about 7 pounds of nitrogen, 14 pounds of soluble (and 3 pounds 
of insoluble) phosphoms, and 7 pounds of potassium. In other 
words, the total amounts applied in four or five years would furnish 
enough nitrogen for one 5-bushel crop of corn, enough phosphorus 
for one 70-bushel crop, and enough potassium for one lo-bushel 
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crop; such use of plant food is the most common practice 

in the Eastern and Southern states. 

In this connection the following quotation from Director Thorne 
of the Ohio Station is of interest {Ohio Farmer, January 2, 1904) : 


“For seven years raw bone meal and steamed bone meal have been used in 
comparison on the Strongsville test farm, side by side with four brands of 
factory-mixed, acidulated, complete fertilizers, these brands representing some 
of the most reputable manufacturers in the state, and ranging from 4 per cent 
of ammonia, 10 per cent phosphoric acid and 4 per cent potash, to i per cent 
ammonia, 6 per cent phosphoric acid, and i per cent potash. The fertilizers are 
all applied at the rate of 200 pounds per acre to com and wheat, grown in ro- 
tation and followed by one year in clover. Following is the average increase ob- 
tained from each crop: 


Plot Fertilizer 

2 Factory brand “A” 

5 Factory brand “ B ” 
8 Factory brand “ C” 
12 Factory brand “ D ” 

15 Raw bone meal . . 

16 Steamed bone meal . 


Corn 

•Increase ixt acre- 
Wheat 

Hay 

Bus. 

Bus. 

Lbs, 

7.62 

10.62 

C) 7 S 

4.88 

n -39 

bsH 

3-79 

«.>3 

45H 

5-«7 

8.50 

3 .S 0 

6. .10 

13.22 

1309 

11.02 

M.24 

1300 


“ At present, steamed bone meal furnishes available phosphorus in prob- 
ably the cheapest and most effective form in which it can be bought.” 


In Table 83 are recorded the average results secured from the 
potatoes-wheat-clover rotation during the fifteen years, 1894 to 
1908. 

It should be stated that plots 32, 33, and 34 were started one 
year later for the potatoes and clover, and two years later for the 
wheat, than the other plots, and that assumed yields for those plots 
for the one or two years are introduced (based upon the yields of 
other plots subsequently producing about the same as these three), 
in order that the comparison of the averages may be fair. This is 
essential, bedause the yield of potatoes the first year and the yields 
of wheat the first two years were markedly smaller than the average 
of all subsequent years. 

The yield of wheat straw is shown because the data are available, 
nnd they complete the record for all crops, and especially because 
comparison is thus afforded of the yields of grain and straw. 
As an average for good yields for each bushel of wheat there arc 
about 100 pounds of straw. 

The financial statement is based upon the following prices, 
potatoes, 30 cents (and 50 cents) a bushel ; wheat, 70 cents; clover 
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Table 83. Ohio Experiments: Three-year Rotation 
Average Records per Acre for Five Rotations, 1894 to 1908 


Teea 

El 

ruENT FOR Each Three 
Years 

Average Yields 
PER Acre 

Results from Three Acres 

ied 

•) 

Forms of Plant Food, 
if not Standard ' 

Potatoes, 15 Years (Bu.) 

Wheat Grain, 14 Years 
(Bu.) 

Wheat Straw, 14 Years 
(Bu.) 

Clover Hay, 13 Years 
(Lb.) 

Value of the Three Crops 

V'alue if L’'nfertilized 

Value of Increase 

1 

H 

0 

0 

$ 

2.40 

4.98 

11 j 

fill 1 Nitrogen 

1 1 0 1 1 Phosphorus 

e 

3 

1 

A3 

Pri 

Pot 

30^ 

eof 

,50 (’ 

(P) ! 

(K) 

170.8 
185.5 

184.8 

30.9 

36.4 

32.7 

3140 

3740 

3000 

3610 

3840 

3450 

I83.70 

02.65 

88.68 

S83.70 

83.29 

82.88 

$ 

9.36 

5.80 

1 

6.96 

.82 

38 


1 1 II 

(X) 

(NP) 

i?i.3 

178.3 

186.1 

30.5 

30.7 

36.4 

2970 

3200 

.3810 

3240 

3500 

3670 

82.46 

85.48 

92.32 

82.46 

80.65 

78.84 

4.83 

13.48 

5-70 

8.10 

(-.87) ”14- 


157.2 

102.8 

160.6 

184.3 

157.3 

iq6.2 

1 04.9 

28.4 
36.1 
34-4 

29.6 

38.6 

38.4 

28.8 

38.3 

36.8 

2760 

3350 

3220 

2740 

3720 

38.^ 

2670 

3800 

3520 

3330 

3340 

3610 

77.03 

93.73 

87.35 

77.03 

77.39 

77.75 

78.11 

77-75 

77-30 

77-04 

75-54 

74-04 

16.34 

o.6o 

7-38 

10.68 


38 

62 

51 

20 

20 

20 

30 

i2 

83 

83 

125 

125 

(PK) ; : : : : 
(NK) 

(NPK) : ; ; : : 

(Extra on potatoes) . 
(All on potatoes) . 

8.96 

(-1,08) 

'I'lis 

3070 

3490 

3660 

3230 

3700 

3700 

78.11 

92.78 

95.10 

15.03 

17-71 

21.29 

13.08 

16.68 

1.95 

1.03 

i-l-.U 

14-1,1 

77.04 

96.77 

95.33 

18.75 

18.75 

2.48 

2-,54 


148.5 

157-8 

162.2 

27.2 

31.3 
32.5 

24-5 

34.0 

4-1 

2450 

3050 

31.30 

2980 

3480 

3S60 

72.53 

79.69 

82.00 

72.53 

71-03 

69-53 

8.66 

13.46 

2.40 

7.46 

11.06 

Yard manure, 4 tons on wheat 
Yard manure, 8 tons on whe.at 

25 

25 

25 

38 

L° 

83 

h 

83 

Oilmeal, 4i5olb. 

143.0 

180.2 

181.7 

2380 

3300 

2660 

3430 

?120 

68.03 

00.85 

87,74 

68.03 

68.64 

60.25 

18.49 

11.13 

11.13 

11.08 

Dried blood . . . 
Amm.suTate. . . 

T48.7 

181.0 

181.6 

24.1 

34.9 

34-8 

2180 

3220 

3190 

2790 

3140 

31,30 

69.85 

88.42 

88.23 

69.85 

18.77 

18.78 

11.13 

11-1,3 

12.68 

13-08 

7.64 

7.65 

20 

83 

M 

83 

Raw bone meal . , 
Acid bone black . . 

18^8 

151.2 

184.8 

24.7 

35-6 

37.0 

24.0 
37-6 

33.50 

3630 

2430 

3^ 

3090 

2410 

33IQ 

2700 

3420 

3250 

69.25 

87.98 

91.29 

69.25 

70.00 

70:75 

71.40 

72.24 

17.98 
20-, 54 

5-30 

7-46 


Basic slag .... 

2900 

3710' 

71.49 

92.80 

20.65 

12.68 



Yard manure, 8 tons on iJoUUoes 

200.0 

31.0 

37001 

93-43 

72.90 

20.44 

2.40 

18.04 

15.04 


iSslo 

24. 

33-4 

27601 

3450' 

73-73 

90.13 

73-73 

70.20 

19.84 

4.80 

Y 

trd manure, i6 tons on wheat I 

25 


83 

I ankage .... 

135.0 

33-4 

23.2 

3080 

1990 

26 so| 

85.03 

63-40 

66,85 

63,40 

18.18 

10.73 

7.45 

14.^; 


^ The standard forms include both dried blood (usually 50 lb.) and sodium 
nitrate (usually 200 lb.), acid phosphate, and potassium chlorid, the applications 
being divided, in most cases, between the potatoes and wheat. 


hay,|6.oo a ton; nitrogen, 15 cents a pound; phosphorus, 12 cents 
(10 cents in raw bone, slag, and tankage) ; and potassium, 6 cents. 
The price of potatoes varies greatly, and for that reason the figures 
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riven in the last column of Table 83 are based upon the price ef 
;o cents a bushel for potatoes, while 30 cents a bushel is the i)riee 
^ised in the other computations. Of course the increase in crop 
v alues resulting from treatment is not computed at the deli\ ered 
jirice for marketable potatoes, but sometimes this would be jiisli 
lied, because the treatment may largely increase the i)ercen(age of 
marketable potatoes, and even with other crops the improvement 
in quality, as well as in quantity, may be a factor of some impor- 
tance. In any case, potatoes belong to the crops of intensive agri- 
culture, the largest average yield (200 bushels) amounting to $()o 
an acre at 30 cents, and to Sioo an acre at 50 cents a bushel. 

Part of the field upon which these experiments have l.)een con- 
ducted was virgin soil, cleared from forest for the [)ur])ose, and all 
of the land was fairly rich at the beginning. 

The average of 16 analyses of soil from the “ East Farm,” where 
the five-year rotation (Table 82) and reenforced manure ex]H‘ri- 
ments (Table 40) arc conducted, and 5 analyses of soil from the 
“South Farm,” where the potato-whcat-clover rotation experi- 
ments are under way, show that the South Farm soil contains about 
one half more acid-soluble phosphorus than the East Farm soil. 
It is also somewhat richer in acid-soluble potassium, while in 
total nitrogen the East Farm soil is slightly richer. By referring 
to the column headed “ Value if unfertilized ” ('Pable 8;,), it will 
he seen that the natural productiveness of the land varies markedly 
from plot I ($83.70) to plot 19 (S68.03) and plot 34 ('803.40); 
hut the oft-repeated check plot (unfertilized) makes possilde a 
comparison that could not be madewithout it. On the other harul, 
've can never be sure that the treatment a])plied to one ])lol (as 
phosphorus plot 2, for example) has produced the same total 
increase as it would have produced if applied to some other i)lot 
to plot 2o,for example). Thus the actual total yield from plot 2 
''^92-65) isgreater than that from plot 20 (S90.85) , but the computed 
increase from plot 20 is more than twice as great (822.21) as that 
^rom plot 2 ($9.36). The fact is that more plant food is removed 
fnun plot 2 than from plot 20, but this is also true, of course, ivith 
respect to the adjoining unfertilized control plots. These difficul- 
B’es are emphasized, however, by comparing plots ri and 20, both 
nf which receive the three elements, nitrogen, phosphorus, and po- 
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tassium, in the standard forms (the nitrogen chiefly in sodium 
nitrate). 

The treatment for these two plots differs only by the addition 
of 13 pounds more nitrogen to plot ii (plot ii receives 50 pounds 
of dried blood for wheat, and plot 20 only 25 pounds). The total 
yields (except potatoes) are greater from plot ii, and the total 
value of the three crops is greater from plot ii ($92.78) than 
from plot 20 ($90.85); but the increase from plot 20 ($22.21) is 
much greater than from plot ii ($15.03), and the net profit from 
20 ($11.08 or $19.94) is several times as great as from ii ($1.95 
or $6.91). In comparison with such plots as 14 and 27, it seems 
evident that plot 20 gives results above normal; while it is like- 
wise evident that plot ii shows increases below normal, in com- 
parison with such plots as 8 and 24. These opposite abnormalities 
develop the striking discrepancy between ii and 20. A study 
of the yearly details shows that for the first five years (1895 
to 1899) the increase from treatment was greater every year in 
the wheat crops from plot ii, the average difference being 3.6 
bushels, whereas during the next five years (1900 to 1904) the in- 
crease in wheat was greater every year on plot 20, the average 
difference being 2.6 bushels. As an average of the four years, 
1905 to 1908, the increase from plot 20 averaged 2.5 bushels more 
wheat than from ii, although in two of these years the treatment 
gave about equal results on those plots. As an average of the first 
six years (1896 to 1901) plot ii produced 79 pounds less clover 
than the unfertilized control plots, while on plot 20 the treatment 
produced an average increase of 630 pounds. 

These results and discrepancies serve to emphasize the uncer- 
tainty of drawing correct conclusions from a single field experiment, 
even when continued for several years. On the other hand, most 
of the results from this potato-wheat-clover rotation are concord- 
ant, and justify confidence. Indeed, there is marked agreement in 
most cases where direct comparison is possible. Thus the increases 
from like amounts of plant-food elements on plots 21, 23, 24, and 
33 vary only from $18.18 to $18.78. 

In harmony with the results from all other sources, the use of 
phosphorus on normal soils proves highly profitable, the increase 
produced by phosphorus, both alone and in addition to other 
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elements, being sufficient to pay for the phosphorus (even in acid- 
phosphate) and leave a net profit of 200 to 300 per cent. The use 
of commercial nitrogen or potassium, alone or in combination, is 
of doubtful advantage with potatoes at 30 cents, but at 50 cents 
for potatoes the potassium has been a good investment, although, 
with sufficient manure or clover plowed under to supply the nitro- 
gen, it is very probable that abundance of potassium would have 
been liberated from the soil. 

Potatoes draw heavily upon potassium, and ultimately, on level 
land which neither receives deposits from overllow nor loses par- 
tially exhausted soil by erosion, potassium must become so defi- 
cient as to limit the crop yield, even with the best efforts to main- 
tain adequate supplies of active organic matter; but the total 
supply of potassium in 2 million pounds of this Ohio soil is suffi- 
cient for 200 bushels of potatoes every year for more than 500 
years, and the land has sufficient surface drainage to insure some 
soil erosion. 

Another series of long-continued and very valuable experiments 
have been conducted by the Ohio Station on the Strongsville experi- 
ment farm, on a quite different type of soil, of nearly level topog- 
raphy, higher clay content, and less perfect physical condition. 
The surface acre-foot of Wooster soil contains, as a general average, 
about 2770 pounds of nitrogen, 1700 pounds of acid-soluble phos- 
phorus, and 7310 pounds of acid-soluble potassium, while the 
corresponding figures for the Strongsville soil are 6520, 1700, and 
6300. Thus the Strongsville soil averages more than twice as rich 
in nitrogen, but somewhat poorer in acid-soluble potassium, while 
the phosphorus content is practically equal in the two soils. 

Table 84 gives the average results obtained from a series of 5- 
year rotation experiments (1896-1897-1898 to 1907). The plant- 
food materials are 440 pounds of sodium nitrate (and 50 pounds 
of dried blood), 320 pounds of acid phosphate, and 260 pounds 
of potassium chlorid. (One plot (No. 12) receives 680 pounds 
of sodium nitrate.) 

The more marked effect of phosphorus on the Strongsville soil 
is doubtless due to the larger supply of organic matter, the decom- 
position of which tends to furnish nitrogen and liberate potassium. 
As an average, the crops from the best-yielding plots have removed 
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30 pounds of phosphorus during the five years, or 50 per cent more 
than was applied. 


Table 84. Experiments at Strongsville, Ohio 
Data per Acre for Five-year Rotation; Increase Only, except as Noted 


Plant Food Applied 

Corn. 

I2-YR. 

Average 

(Bu.) 

Oats, 

ii-Yr. 

Aver.age 

(Bu.) 

Wheat, 
10- Yr. 
Aver- 

(Bu.) 

Clov- 

er, 

io-Yh. 

Aver- 

(Tons) 

Timo- 

thy, 

io-Vk 

Avm(. 

■lor 

(Tons) 

Nitrogen, 76 lb . 

I t8 

-•05 

-.24 

,08 

01 

Phosphorus, 20 lb 

9-51 

10.00 

7.14 

•45 

.16 

Potassium, 108 lb 

.20 

.41 

-•15 

•OS 

-.01 

Nitrogen, phosphorus 

10 46 

14.38 

9.72 

•39 


Nitrogen, potassium 

1.40 

2.24 

1.67 

.06 

-.02 

Phosphorus, potassium 

9.04 

10,54 

8.04 

■34 

-u 

Nitrogen, phosphorus, potassium . . 

12 07 

14.69 

10.21 

■39 

■N 

Nitrogen,' phosphorus, potassium . . 

11.36 

14-51 

12,85 

■36 

.11 

Total yield from untreated land . . 

(2694) 

(34.80) 

(5-62) 

(.68) 

(-75) 


'On lliis plot 114 lb. of nitrogen; otherwise the applications were: nitrogen, 
76 lb. , phosphorus, 20 lb. ; and potassium, 108 lb. ; per acre, in five years. 


In general, it may be stated that the plant food applied in the 
Ohio experiments produced small effects the first few years. Thus, 
in the 5-year rotation at Wooster the largest increase in corn in 
1904 was 3.5 bushels per acre, on plot 21, and in 8 cases out of 20 
the treated plots produced lower yields than the untreated control 
plots. As an average of the first five years, phosphorus (on the 
No. 2 plots) produced increases per acre as follows: corn, 4 bushels; 
oats, 3.5 bushels; wheat, 3.1 bushels; clover, 390 pounds ; timothy, 
186 pounds. These are about one half the effect for the 15-ycar 
average, as will be seen from Table 82. 

From a consideration of the Rothamsted and Pennsylvania 
data, it seems probable that more or less of this apparent average 
increase is due to a comparative decrease on the unfertilized plots, 
although the time is too short since the Ohio rotations and soil 
treatment have been fully under way to make trustworthy average-, 
because of seasonal variations; for, while land may be decreasing 
in normal productive power, a few favorable seasons following 
unfavorable years may furnish data that indicate increasing yields, 
as in the Minnesota experiments referred to on a former page. 



CHAPTER XXII 

ILLINOIS FIELD EXPERIMENTS 

Aside from the old experiments on the University Farm, the 
Illinois field experiments have been in ])rogress only for a few years, 
but they are of special interest and value because they are conducted 
in widely separated places and on different definite soil tyi)es of 
great extent and importance. 

Brown silt loam constitutes the most common j)rairie soil ip the 
middle and upper Illinoisan, pre-Iowan, and early Wisconsin 
glaciations, and is found also in the Iowan and late Wisconsin, It 
is called “ the ordinary prairie land ” by farmers throughout the 
corn belt, extending fromMattoon, Illinois, into Wisconsin, and 
from north-central Indiana into Nebraska and .South Dakota. 

While the different brown silt loams arc similar in many respects, 
they differ somewhat in chemical composition, varying with age 
or formation of the different areas, and it is noteworthy that in 
the older soil areas the brown silt loam is eitluT no longer r(‘|)re- 
sented (as in the lower Illinoisan glaciation), or it is replaced to 
some extent by a type of soil intermediate in character and value 
between brown silt loam and gray silt loam on tight clay, d'his 
intermediate type is well developed in places in the soul hern part 
of the middle Illinoisan glaciation and in the western part of the 
U!)per Illinoisan, but it is only one of many minor types whose 
exact location requires a detail soil survey. 

The top soil of the brown silt loam consists of a friable dark- 
colored and fairly uniform soil to a depth of 16 to 20 inches, with 
appreciably less organic matter at the lower depth. Below the lo]) 
^oil, from 16 or 20 inches to 40 inches and more, is the yellow, silty 
Pubsoil, somewhat less porous or friable than the top soil, but not 
' cry compact. 

This soil and subsoil have great capacity to absorb anrl retain 
'cater from heavy rains, and later to deliver the moisture to grow- 
453 
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ing crops as needed. In other words, the crops growing on brown 
silt loam soils are enabled to withstand drouths that would pro- 
duce very severe damage on such a soil as the lower Illinoisan 
gray silt loam on tight clay. Of course even the brown silt loam 
becomes much less absorbent and less retentive of moisture where 
the surface soil is' allowed to become deficient in humus. 

As a general average (the late Wisconsin being disregarded) 
the brown silt loams contain in the surface soil of an acre (2 mil- 
lion pounds) about 4800 pounds of nitrogen, 1200 pounds of phos- 
phorus, and 34,000 pounds of potassium, amounts which, if they 
could be drawn upon at will, would furnish the nitrogen for 100 
bushels of com (grain only) every year for 48 years, the phosphorus 
for 70 years, or the potassium for 1790 years. For four tons per 
acre of clover hay each year, the nitrogen, if drawn only from the 
surface soil, would be sufficient for 30 years, the phosphorus for 
60 years, and the potassium for 280 years. 

These data are for very large crops, and take into account only 
the plant food in the surface soil to a depth of 6| inches, but these 
crops are not loo large to try to raise, and the fertility of the surface 
soil must be maintained if we are to maintain a permanent, profit- 
able agriculture. We may reduce the crop yields to the lowest 
limit of profit on land valued at $150 to $200 an acre, but still the 
absolute limit in years is short for the nitrogen and the phosphorus 
in this most common prairie soil of the corn belt; and, if such crops 
of corn and clover as are mentioned above had been removed from 
this land from the time Columbus discovered America until now, 
every pound of phosphorus contained in the soil to a-depth of four 
feet would have been required for the crops grown. 

So far as the author has been able to learn, the oldest soil experi- 
ment field in the United States with an authentic record of its 
origin and with a present continuation of the experiments ori,uh- 
nally inaugurated is on the campus of the University of Illinois, 
or rather it is surrounded by the University campus. In the 
biennial report for 1879 and 1880, on page 232, and under date of 
March 10, 1880, is the following; 

“The Farm Committee then submitted the following report: 

“To the Hon. Board of Trustees of the Illinois Industrial University: 
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“Your committee beg leave to submit the following recommendations from 
the Professor of Agriculture in regard to experiments for the coming season ; . . . 

Fifth. The formal commencement of what is designed to be a long-con- 
tinued experiment to show the effect of rotation of crops, contrasted with con- 
tinuous corn-growing, with and without manuring, and also the effect of 
clover and grass in a rotation. A commencement was made last year, aiul we 
are fortunate in having a piece of land more than usually well adapted for such a 
test. 

“The report was approved, and its recommendation concurred in.” 

Thus, these oldest rotation experiments, begun, according to the 
official records, by Professor George E. Morrow, in 1879, completed 
a record of thirty-one years in 1909. Fortunately, these plots are 
located on the typical brown silt loam soil of the corn-belt prairie 
land. 

In Bulletin 13 of the Illinois Agricultural Experiment Station, 
published in 1891 and signed by Professor Morrow, the state- 
ment is made that from the beginning of these experiments plot 
No. 3 had “ been in corn continuously,” that plot No. 4 had 
been “ in corn and oats alternately,” and that j)lot No. 5 had 
“ had this rotation: corn, 2 years; oats, i year; meadow (clover, 
timothy, or both), 3 years.” The records also state that these 
plots had received “ no manure or commercial fertilizers of any 
kind.” 

The series originally contained seven other plots, and included a 
limited use of commercial fertilizers and farm manure, and other 
rotation systems. All but three of the original plots have been 
taken for campus or buildings. 

The Experiment Station was established in 1888, and in the re- 
ports made by Professor Morrow and his assistants relating to 
these experiments and published in 1888 to 1894 there is no recortl 
of crop yields previous to 1888. The most important thing, })er- 
haps, is the record that the crop systems were followed during those 
early years. 

Since 1888 these crop systems for the three plots mentioned have 
been essentially maintained, with the modification on plot No. 5 
during the later years of adopting the more simjilc rotation of 
corn, oats, and clover, one each year. From the recorded state- 
n^ents and the existing knowledge it is safe to say that all crops 
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have been removed, including the grain, hay, straw, and corn 
fodder, from 1879 to the present time, but records of yields are 
lacking in some cases. 

• Originally, these plots were one half acre each in size, being 5 
rods wide (north and south) by 16 rods long (east and west) , but 
in 1904, because of the enlargement of the University campus, it 
became necessary to reduce the length to 9 rods in the central 
part of the original plots. At the same time one-half rod division 
strips were established between the plots, also a one-fourth rod 
cultivated or cropped protecting border around the plotted area, 
and each of the three plots was also divided in four quarters by 
half-rod division strips through the center in both directions, 
Thus, from each of the original plots four plots of one-twentieth 
acre each, have been formed, with half-rod protecting strips. In 
each case the two plots on the north are continued as a duplicate 
test of the original system, without the use of manure or commercial 
fertilizers, while the two plots on the south are cropped the same, 
but they are now being improved by such applications of farm 
manure as can well be made from the crops grown, by the use of 
legume catch crops, applications of ground limestone to correct 
possible soil acidity, and by the use of phosphorus, applied for each 
year in the rotation in 200 pounds of steamed bone meal (on the 
east plot), or in 600 pounds of rock phosphate (on the west plot), 
per acre. 

The original plot numbers are' retained, the untreated north 
part being known as 3N, 4N, and 5N; and the treated south part 
as 3S, 4S, and 5S, respectively; and to each of these may be added 
W or E to designate the west or east half. 

InTable85 are recorded the yields of these old plots for the last 
twenty-two years, from 1888 to 1909, including, since 1904, for each 
rotation system, the average of the untreated duplicates and of 
the treated parts. 

Seasonal influences are so great that no very satisfactory com- 
parison can be made between different years for the sake of deter- 
mining the effect of the different systems upon the productive 
power of the soil, and the thorough undeTdrainage provided for 
in 1904 must be expected to markedly Increase the crop yields in 
subsequent seasons of excessive rainfall, such as 1907, for example, 
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Table 85. Crop Yields per Acre from the Oldest Illinois Experiment 
Plots: Urbana Soil Experiment Field 


' — ■ 


Corn 

Two-year 

! Three- VI 




Year 

Rotation 


Rotation 


Soil Treatment Applied 








Corn 

Corn 

Oats 

Corn 

Oats 

(I'on" 



(Bu.) 

(Bu.) 

(Bu.) 

j (Bu.) 

(Bu.) 

1879-87 

None 











I88S 

None 

54-3 

49-5 

— 

— 

48.6 

— 

1889 

None 

4 . 3 ' 2 


37-4 

— 

— 

4,04 

1890 

None ........ 

48.7 

543 

— 

— 

— 


1891 

None 

28.6 

33-2 

— 

— 

— 

1.46 

1892 

None 

33- 1 

— 

37-2 

67.6 

— 

— 

1893 

None 

21.7 

29.6 


. 34- 1 

— 

— 

1894 

None 

34-8 

— 

,3 7 - 2 

— 

6.3.1 

— 

1893 

None 

42.2 

41.6 

— 

— 

22.2 


1896 

None 

62.3 

— 

34-5 

— 

— 

— 

1897 

None 

40.1 

47.0 


— 

— 

— 

1898 

None 

18. 1 

— 

— 

— 

— 

— 

1899 ‘ 

None 

50.1 

44.4 

— 

53 -.S 

-- 


1900 

None 

48.0 

— 

4 T -.3 

— 

— 

— 

1901 

None 

23-7 

33-7 

— 

34-3 

-- - 


1902 

None 

60.2 

— 

56.3 

— 

54-6 

— 

1903 

None 

26,0 

3 , 3 -Q 

— 

— 


1,1 1 

1904 

N. ^ None 

21-5 

— 

17-5 

55-3 

— 


1904 

g 1 f Legume/ manure,^ j 
■ ^ 1 lime, phosphorus ^ J 

17.1 

— 

25'3 

72.7 

— 

— 

1905 

N. ^ None 

24.8 

50,0 

— 

— 

42.3 

— 

1905 . 

g 1 1 Legume, manure, 1 
■ ^ [lime, phosphorus | 

31-4 

44.9 

— 


50.6 

— - 

1906 

N. ^ None 

27.1 

— 

34-7 

— 


1 - 4 . 3 ' 

1906 

g 1 1 Legume, manure, 1 
■ ^ 1 lime, phosphorus j 

35-8 

— 

52.5 

— 

— 

1.74' 

1907 

N. 7 None 

29.0 

47.8 

— 

8^' 

— - 

— 

1907 

g 1 f Legume, manure, | 

■ ^ 1 lime, phosphorus J 

48.7 

87.6 

— 

93-6 

— 

— 

1908 

N. \ None 

13-4 

— 

329 

— 

40.0 

__ 

1908 

g 1 f Legume, manure, 1 
■ ^ I lime, phosphorus j 

28.0 

— 

450 

— 

44,4 

— 

1909 

N. i None 

29,4 

35-9 

— 


— 

■75 

1909 

g 1 1 Legume, manure, 1 
■ lime, phosphorus j 

33-9 1 

673 

— 

— 


2.08 


' Legume catch crops first grown in 1904 to benefit 1905 crops. 

■ Manure and phosphorus first applied to plot 5S for 1904 crop, but to plots 3S 
^nd 4S for 1905 crop. 
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as compared with previous years. Thus, on the continuous corn 
plot the yield was i8.i bushels in 1898 and 60,2 bushels four years 
later, and the largest recorded com yield in the corn-oats-clover 
rotation was 80.5 bushels in the wet season of 1907. 

A fair comparison between different systems canusually be made 
in the same years, and the change in productive power under any 
system can best be ascertained by comparing the results from these 
old experiments with those from newer experiments, as shown in 
Table 86, when the effect of sixteen years’ cropping can be noted. 
Every plot in the newer experiments produced more than 75 
bushels of corn per acre in 1896, and the average in 1897 was about 
70 bushels. Upon these facts is based the assumption that all of 
the older plots originally produced 70 bushels or more per acre. 

It is apparent that the legume catch crops (chiefly cowpeas) 
seeded in the corn decrease the yield for the first year at least, as 
shown in 1904 on plot 3 and, even in spite of the light manuring, 
on plot 4 in 1905. 

The general effect of the system of soil improvement adopted for 
the south half of each of these old plots is already very marked, an 
increase of 40 bushelsof corn per acre being secured in 1907 from the 
treatment on plot 4, where the most marked effect is to be expected 
because no clover or other legumes had been grown previous to 
1904 in this rotation, and the frequent change from corn to oats has 
helped to avoid the development of corn insects. 

Table 86 gives, for comparison, three-year averages for corn, 
including the lastest corn crop grown in the three-year rotation on 
the old field. 

As an average of the three years where corn has been grown every 
year, the yield has been 27 bushels in the 29-year experiments and 
35 bushels in the 13-year experiments. The lesson of these experi- 
ments is that 12 years of cropping where corn follows corn every 
year reduces the yield from more than 70 bushels to 35 bushels 
per acre, after which the decrease is much less rapid, amounting 
to only 8 bushels’ reduction during the next 16 years. Undoubtedly 
the rapid reduction during the first 12 years of continuous corn- 
growing is due in large part to the destruction of the more active 
decaying organic matter, resulting ultimately in insufficient libera- 
tion of plant food within the feeding range of the corn roots. In 
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Tablk 86. Latest Comparable Corn Yields from the University of 
Illinois Experiment Field at Urbana: Typical Brown 
Silt Loam Prairie Soil 



Three-year Averages; Bushels 

per Acre 


Ckop Years 

Crop System 

13-Year 

Experime.nis 

’i)-YeAK 

E.M'KKIMENTS 

190S) “6, -7 
19031 “ 5 i -7 
1901, -4, -7 

Corn every year 

Corn and oats 

Corn, oats, clover 

35 hu. 

62 1 )U. 

66 1 )U. 

27 Ini. 

40 Ini. 

58 Ini. 

Average of Three Corn Crops in Cokn-Oats-Clover 

Rotation : 


13-YE.AR KxI’ERIMEXTS 


Crop Years 

Special Treatme.nt | 

C.RAiN' Ear Ml NT. 
Crcp Kesiduks' 

1905, -6, -7 
1905, -6, -7 
190S1 -6, -7 
19051 -6, -7 

None 

Lime 

Lime, pho.spliorus . • _ • • 
Lime, phosphorus, potassium 

69 Ini. 

72 Ini. 

90 Ini. ' 
9.} Ini. 

‘ Legume catch crops and crop residues. 

2 Manure applied in proportion to previous crop yields. 


addition to this, the development of corn insects in soil on tvlnch 
their favorite crop is grown every year is sometimes an import.inl 

factor in reducing the yield. _ 

Where corn is followed by oats in a a-year rotation the .average 
yield of the three crops of com is 46 bushels m the 29-year experi- 
ments, whereas in the 13-year experiments the average jael, fo 
the same three years is 62 bushels of corn per acre. In his ^e t 
destruction of humus is less rapid, and thedeee opmtn 0 
insects is discouraged by changing to oats every o cr y c 
the decrease in yield is less marked during the early 
tlic reduction continues persistently with passing ye . ■ 
the first rr years the yield decreased from naore than shed 0 
62 bushels, and during the next 16 years a further reduction of 16 
bushels has occurred. 
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With the 3-year rotation com is grown for one year, followed 
by oats with clover seeding the second year, and clover alone the 
third year. During the first ten years under this system the yield 
of com has decreased from more than 70 bushels to 66, and duriny 
the next 16 years the yield has further decreased to 58 bushels, the 
average reduction being only one-half bushel a year. In this sys- 
tem the most marked reduction in crop yields has not yet appeared, 
although it must be expected in the future because the clover crop 
is already beginning to fail on the oldest field, even in seasons when 
clover succeeds well on newer land under the same crop rotation. 
When clover fails, cowpeas are substituted for that year on that 
field, which thus provides a legume crop and preserves the 3-year 
rotation. 

In the lower part of Table 86 (third column) are recorded the 
average yields of corn for the last three years in a system of grain 
farming, in a 3-year rotation of com, oats, and clover. Tliis 
system, when fully underway, provides that the corn shall be husked 
and the stalks disked down in preparation for the seeding of oats 
and clover the second year. In harvesting the oats, as much straw 
as possible is left in the stubble, which may be mowed later in the 
summer to prevent the seeding of the clover or weeds. In the 
spring of the third year the clover is mowed once or twice before the 
usual haying time and left lying on the land. The seed crop, if 
successful, is harvested with a hay buncher attached to the mower, 
or in any other way to avoid raking, and afterward the threshed 
clover straw and oat straw (or at least as much as is practicable) 
are returned to the land, all of this accumulated organic matter 
to be plowed under for the following com crop, which begins the 
next rotation. In addition to this, catch crops of annual legumes, 
such as cowpeas, may be seeded in the corn at the time of the last 
cultivation and disked in the next spring with the com stalks, 
If biennial or perennial legumes are used as catch crops, the corn 
ground may be plowed for oats. (This is a practice of doubtful 
advantage where the corn is rank.) 

The com yields reported for this system in Table 86 were secured 
where the system was not fully under way, the legume catch crops 
being the only organic matter returned to the soil, aside from the 
residues necessarily left from the com-oats-clover rotation. By 
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using three different fields for this rotation, every crop may be 
grown every year, and the yields of corn reported are true three- 
year averages. 

With no special soil treatment aside from the use of legume catcli 
crops, the yield of corn for 1905, 1906, and 1907 averaged 69 bushels. 
Where the equivalent of J- ton per acre of ground limestone was 
applied (five years before) the com has yielded 72 bushels per acre; 
and, with the phosphorus added for six years at the rate per annum 
of 25 pounds per acre of the element phosphorus (in 200 pounds of 
steamed bone meal) the average yield of corn has been 90 bushels 
per acre for the last three years. The yearly addition of 42 {wiinds 
of potassium in 100 pounds of potassium sulfate has further in- 
creased the yield to 94 bushels. 

Under the heading “ Live-stock Farming,” in Table 86, arc re- 
corded the average yields of corn secured during the same three 
years where farm manure has been applied to the clover ground 
to be plowed under for com. The plan of this system is to remove 
all crops from the land as usually harvested, including the corn 
and stover, oats and straw, and both first and second cro])s of 
clover. The amounts of manure applied to the different plots arc 
determined by the crop yields secured during the previous rotation. 
While the system of cropping followed during the 13 years on these 
plots, and on those just described under ” Grain Farming,” has 
been approximately equivalent to a three-year rotation of com, 
oats, and clover, the applications of manure have been made only 
for the three years, 1905, 1906, and 1907. If the average yields arc 
decreasing on plots that receive only the amounts of manure that 
can be produced in practice from the crops grown, then the appli- 
cations of manure must also be reduced on such land; whereas if 
the crop yields are increasing where both manure and phosphorus 
are applied, then the applications of manure for such plots may be 
increased in direct proportion. 

Where manure alone has been used in this rotation, the corn has 
averaged 81 bushels per acre for the three years; with lime added, 
the average is 85 bushels; with lime and phosphorus, the manured 
land has averaged 93 bushels of corn, and this was increased to 96 
bushels by adding potassium. 

While potassium has usually made some increase in crop yields 
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on these fields, it has not nearly paid its cost. The most profitable 
yields are the 90-bushel average in the grain farming or the 93. 
bushel average in the live-stock system. The effect of limestone 
has not yet been sufficiently uniform to recommend its use on 
this soil, but marked profit has resulted from the addition of 
phosphorus, which is applied in sufficient amount actually to en- 
rich the land, and not as a stimulant. Phosphorus has been ap- 
plied since 1902. 

Table 87 gives results obtained during seven years (1902 to 1908) 
from the Sibley soil experiment field, located in Ford County, on 
typical brown silt loam prairie of the Illinois corn belt. 


Table 87. Crop Yields in Illinois Soil Experiments: Sibley Field 


Brown Silt Loam Prairie, Early 
Wisconsin Glaciation ‘ 

Corn, 

Corn, 

1903 

Oats, 

1904 

Wheat, 

190S 

Corn, 

ipo6 

Corn, 

1907 

Oats, 

Plot 

Soil Treatment Applied 

Busliel-s per Acre 

lOI 

None 

57-3 

504 

744 

295 

36-7 

33-9 

25 '9 

102 

Lime 

60.0 

.40 

74-7 

31-7 

39.2 

384 

24,7 

103 

Lime, nitrogen .... 

60.0 

54-3 

77-5 

32.8 

41.7 

48.1 

36.3 

104 

Lime, phosphorus . . . 

61.3 

62.3 

925 

36.3 

44.8 

43-5 

25,6 

105 

Lime, ])otassium . . . 

56.0 

49.Q 

744 

30.2 

37-5 

34-9 

22,2 

106 

Lime, nitrogen, phosphorus 

57-3 

69.1 

88.4 

45-2 

68.5 

72-3 

45'6 

107 

Lime, nitrogen, potassium 

53-3 

514 

75-9 

37-7 

39-7 

5I-I 

42.2 

108 

Lime, phosphorus, potas- 









sium ..'.... 

58.7 

60.9 

0 

d 

00 

39.8 

4I-5 

3Q-8 

27,2 

109 

Lime, nitrogen, phosphorus, 









potassium 

58.7 

659 

82.5 

48.0 

69-5 

80.1 

52.8 

no 

Nitrogen,, phosphorus, po- 









tassium 

60.0 

60.1 

85.0 

48.5 

63-3 

72-3 

44.1 


The standard applications for this and other Illinois soil experi- 
ments are 100 pounds of nitrogen (in dried blood), 25 pounds of 
phosphorus (in steamed bone meal) , and 42 pounds of potassium un 
potassium sulfate), per acre per annum, but the phosphorus and 
potassium are usually applied in correspondingly heavier applica- 
tions once for the rotation. 

It is not necessary to take space here for a complete discussion 
of the data in Table 87. 

Previous to 1902 this land had been cropped with corn and oats 
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for many years under a system of tenant farming, and the soil had 
become somewhat deficient in active humus. While j)hosi)horiis 
uas the limiting element of plant food, the supply of nitrogen be- 
coming available annually was but little in excess of the phosiihorus, 
as is well shown by the corn yields for 1903 when phosphorus pro- 
duced an increase of 8 bushels, nitrogen without phosirhoriis pro- 
duced no increase, but nitrogen and phosphorus increased the yield 
by 15 bushels. 

After six years of additional cropping, however, nitrogen appeared 
to become the limiting element, the increase in igoy being 9 bush- 
els from nitrogen and only 5 bushels from phosphorus, while t)oth 
together produced an increase of 33 bushels of corn. By comparing 
the corn yields for the four years, 1902, 1903, 1906, and rpoy, it 
will be seen that the untreated land has apparently grown less pro- 
ductive, whereas on land receiving both phosphorus and nitrogen 
the yield has appreciably increased, so that in 1907, when the un- 
treated rotated land produced only 34 bushels of corn per acre, a 
yield of 72 bushels, or more than twice as much, was produced 
where lime, nitrogen, and phosphorus had been applied, all Iioiigh 
these two plots produced exactly the same yield (57 bushels) in 
1902. While the actual yields might be quite different under dif- 
ferent seasonal conditions, the relative and increasing differences 
between the plots must be considered as representative and due 
to the difference in soil treatment. 

By comparing plots loi and 102, and also 109 and iio, will be 
seen the increase by lime, suggesting that the time is near when 
lime also must be applied to these brown silt loam soils. 

Because of the tremendous importance of this mostcommon corn- 
belt soil to American agriculture and to the prosperity of the na- 
tion, space is taken to insert Table 88, giving all of the results thus 
far obtained from the Bloomington soil experiment field, which is 
also located on the brown silt loam prairie of the Illinois corn belt 
(-McLean County). 

The general results of the seven years’ work on the Bloomington 
field tell the same story as those from the Sibley field. The rota- 
tions differ by the use of clover and cowpeas in 1906, and in dis- 
continuing the use of commercial nitrogen after 1905, on the 
Bloomington field, in consequence of which phosphorus without 
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Table 88. Crop Yields in Illinois Soil Experiments: Bloomington 
Field 


Brown Silt Loam Prairie, Early 
Wisconsin Glaciation 

Corn, 

1902 

Corn, 

ipo3 

Oats, 

1904 

Wheat, 

1 90s 

Clover, 

1906 

Corn. 

1907 

c.:;. 

TOOS 

Plot 

Soil Treatment Applied 


Bushels 

or Tons 

per Acre 


lOI 

None 

30.8 

63-9 

.‘? 4-8 

30.8 

•39 

60.8 

40.3 

102 

Lime 

37-0 

60.3 

60.8 

28.8 

•58 

63.1 

35-3 

103 

Lime, nitrogen ‘ . . . . 

35-1 

59-5 

69.8 

30-5 

.46 

64-3 

36-9 

104 

Lime, phosphorus . . . 

41.7 

73-0 

72.7 

39-2 

1.65 

82.1 

47-5 

105 

Lime, potassium .... 

37-7 

5(>-4 

62.5 

33-2 

•51 

64.1 

36.2 

106 

Lime, nitrogen, ‘ phosphorus 

43-9 

77.6 

85-3 

50.9 

— ^ 

78.9 

4.?-8 

107 

Lime, nitrogen, ‘ potassium 

40.4 

.‘IS.Q 

66.4 

29-5 

.81 

64-3 

31.0 

108 

Lime, phosphorus, potassium 

50.1 

74.8 

70-3 

37-8 

2.36 

81.4 

57'2 

109 

Lime, nitrogen,* phosphorus. 









potassium 

52.7 

80.9 

90-5 

51-9 

2 

88.4 

58.1 

no 

Nitrogen,* phosphorus, po- 





* 




tassium 

52.3 

73-1 

71.4 

5 I-I 

2 

78.0 

5 T '4 


^ No commercial nitrogen applied after 1905. 

® Clover smothered out by previous very heavy wheat crop. After the clover 
hay was harvested, all ten of the plots were seeded to cowpeas, and the crop was 
plowed under later on all plots as green manure for the 1907 corn crop. 

nitrogen (plot 104) produced nearly as large an increase as the 
increase by phosphorus with nitrogen (plot 106) ; whereas on the 
Sibley field phosphorus with nitrogen (plot 106) produced more 
than twice as large an increase as the increase by phosphorus with- 
out nitrogen. 

It should be stated that a draw runs near plot no on the Bloom- 
ington field, and the crops on that plot are sometimes damaged by 
overflow or imperfect drainage. Otherwise, all results reported in 
Tables 87 and 88, including more than 150 tests, are considered 
trustworthy, and they furnish much information and afford many 
interesting and instructive comparisons, as, for example, between 
plots 104 and 106 and between 108 and 109 on the Sibley field where 
no legumes are grown in the rotation; also, between plots 103 and 
106 and between 107 and 109 on both fields. 

Wherever nitrogen was provided either by direct application or 
by the use of legume crops, the addition of the element phosphorus 
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produced very marked increases, the average value being, as a 
rule, more than double its cost in steamed bone meal, the form 
in which it was applied to these fields. On the other hand, the 
use of phosphorus without nitrogen will not maintain the fertil- 
itv of the soil (see plots 104 and 106, Sibley field), and a liberal 
uJe of clover or other legumes is suggested as the only practical 
and profitable method of supplying the nitrogen, the clover to be 
plowed under, either directly or as manure, preferably in connec- 
tion with the phosphorus applied, especially if raw rock phosphate 
is used. 

From the best treated plots, 100 pounds per acre of iihosphorus 
have been removed from the soil in the seven crops. 1 his is eipial 
to 10 per cent of the total phosphorus contained in the surface 
soil of an acre. In other words, if such crops could lie grown for 
84 years, they would require as much phosphorus as the total 
supply in the surface 6| inches of soil. The results plainly show, 
however, that without the addition of phosphorus such crops 
cannot be grown year after year. Where no phosphonis was 
applied, the crops removed only 75 pounds of phosphorus in seven 
years, or nearly ri pounds a year, c([uivalcnt to almost 1 per cent 
of the total amount (1200 pounds) in the surface .soil. (See also 
Table 50, giving results of raw rock phos[)hate on brown silt loam.) 

The yellow-gray silt loams arc found on the undulating upland 
areas that are, or were originally, timbered. The topography 
varies from nearly level to gently rolling, corresponding to the 
topography of the brown silt loam prairies. The yellow-gray silt 
loam varies from yellow to gray in the surface, and, as a rule, there 
is more or less “ gray layer” in the subsurface (especially in the 
older formations;). On the late Wisconsin glaciation, the loess 
covering being shallow, glacial material containing more or less 
gravel is frequently found in the subsoil within 40 inches of the 

surface, . , 

As shown in Table 15, the late Wisconsin yellow-gray silt loam 
(1034) contains in the surface 6| inches about 2900 pounc s 0 
nitrogen, 800 pounds of phosphorus, and 47,600 pounds of potas- 
sium. Compared with the more prorluctive, more durable, and 
more valuable soils (as the early Wisconsin black clay loam), 
this soil is very poor in phosphorus and quite low in humus as 
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measured by the nitrogen or organic carbon, while it is extremely 
rich in potassium/ 

The total supply of phosphorus in the plowed soil (6f inches 
deep) is less than would be required for 35 crops of corn yielding 
100 bushels of grain and 3 tons of stover, while the total nitrogen 
content even to a depth of 40 inches is less than would be required 
for 60 such crops, or for less than 90 if only the grain were removed, 
although the total potassium to a depth of 40 inches is sufficient 
to meet the requirements of loo-bushel crops of corn every year 
for more than 4 thousand years, or for more than 16 thousand 
years if only the grain is ren;oved. Notwithstanding these posiii\ c 
facts, based upon absolute chemical analysis, showing such an 
enormous supply of potassium and a relatively small supply of 
nitrogen, the addition of soluble potassium salts, while not yielding 
profitable results, has actually produced a larger average increase 
than has been produced by nitrogen applied in dried blood on the 
Antioch soil experiment field about five miles from the Wisconsin 
line, in Lake County, Illinois, on the late Wisconsin yellow-gray 
silt loam, thus affording a good illustration of the fact that systems 
of soil treatment for permanent agriculture should not be based 
solely upon previous culture experiments. 

This soil is deficient in active humus, and the soluble potassium 

^ It is appropriate to mention in this connection that Doctor A. S. Cushman 
of the United States Department of Agriculture has recently emphasized {Science 
(1905), 22, 838; and U. S. Dept, of Agr. Bureau of Plant Industry Bulletin 104) 
the possibility of using powdered granite and felspar as a source of potassium 
for fertilizing purposes, although some previous e.xperiments with felspar {Svensh 
Mosskulturfdr. Tidskr. (1903), 77, 360; (1904), 18, 33, 73) have not given en- 
couraging results. While it is by no means certain that granite averaging 4 pc 
cent of potassium or felspar with 8 or 10 percent of potassium may not be used with 
profit under some conditions, as where it can be secured as waste or by-product at 
very low cost near lands actually deficient in potassium, it is worth while to know' 
that at $3 per ton for powdered granite the surface 20 inches of the principal 
types of soil in the late Wisconsin glaciation already contains about S6000 worth 
of potassium per acre in the form of finely powdered granitic rock. In other 
words, two tons of this soil (or three tons of any silt loam soil in the Illinois corn belO 
spread over an acre of land would supply as much potassium, and in the same form, 
as would be supplied by a ton of average powdered granite. 

While the phosphorus content of the surface soil of most $150 Illinois land can 
be doubled by investing S25 to $40 per acre in raw rock phosphate at $7.50 per tom 
to double the potassium content by applying powdered granite at a cost of only 
$3 a ton would cost from $1200 to $1800 per acre. 
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^all acts in large part at least, if not entirely, as a soil stimulant 
i-ather than as plant food. As already shown by the results from 
Rothamsted, other soluble salts may produce the same effect. 

In Table 89 are given the results of seven years’ work on the An- 
tioch soil experiment field. 


Table 89. Crop Yields in Soil Experiments: Antioch Field 



Yellow-gray Silt Loam, Undul.at- 







i.VG Timber Land: Late Wiscdnsin 


Grain, lirsmas per .V 

iK 

NO. 

Glaciation 






Treatment Applied 

1002, 

Corn 

lOO.L 

Corn 

1004. ' 1005, i()o6, 
(hits Wlieal Com 

1007, 1 i()oS, 
Corn jOals 

lOI 

None 

44.8 

;/j.6 

17.8; 18.5 135 .() 

12.4165.(1 

102 

Lime 

45-1 

38-9 

12.8 : 10.3 1 31.5 

().5 1 61.6 

10 j 

Lime, nitrogen 

46.3 

40.8 

2.8; 17.8:37-8 

6.4 , {>0.4 

104 

Lime, phosphorus 

50.1 

536 

12.5 : 35-8 ; 57-4 

14.4 70. () 

105 

Lime, potassium 


50.2 

9-7 2 L 7 3 - 1 -9 

12.1) (12.5 

106 

Lime, nitrogen, phosphorus . . 

56.6 62.7 

15.9 ^ 15.2 5(;.3 

20.();.l().l 

107 

Lime, nitrogen, potassium . . 

52.1 

54-9 

10.31 1 1.8 3(1.0 

II.! 52.6 

108 

109 

Lime, phosphorus, potassium 
Lime, nitrogen, phosphorus, po- 

60.7 

66.0 

19.7 1 2iS.7 ' 5().i 

- ■ r-' 

31. 9 ^ 18.0 : 65.9 

18.4 5().4 

i 

3 >- 4 i 5^9 

tassium 

61.2 

6q.i 

no 

Nitrogen, phosphorus, potassium 

59-7 

71.8 

47.2 ^ 16.4 66.4 

1 28.8 ; 55.() 


Plot No. I is naturally better land than the others, am! lioth 1 
and 10 serve only as checks against the lime treatment. 1 hey arc 
not used in studying the effects of plant food applied. 

The oats crop in 1904 and the 1907 corn crop were almost fail- 
ures. The low yields of wheat from jilots 3, 6, 7, and 9, in 1905, 
were due to the fact that the wheat on these nitrogim plots grew 
very rank and lodged badly before it ripened, d'he straw on these 
plots also rusted badly, resulting in shriveled and light gram, le 
oats also lodged badly on the nitrogen plots in 1908. 

The totaT gains for seven years show very markedly the effects 
of soil treatment. After the first year the best treated plots pro- 
duced about twice as much as plot 2, which serves proper y as a 
chock plot, to which no nitrogen, phosphorus, or potassium is 

appliei . ..r-u- 

Sand soil is found in considerable areas in Wisconsin and.Michi- 
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gan and in northern Illinois, Indiana, and Ohio, sometimes on sand 
plains and also in sand dunes where the sand has been blown into 
ridges varying from narrow drifts to extensive sand-hill areas, often 
covering many square miles, as in Tazewell, Mason, and Kankakee 
counties, in Illinois. 

In composition this soil averages about 1400 pounds of nitrogen, 
800 of phosphorus, and 31,000 pounds of potassium in the surface 
6f inches (2J million pounds). The high percentage of potassium 
shows that this soil is not a pure quartz sand, but is, to a consider- 
able extent, of granitic origin. 

In composition this soil is extremely poor in nitrogen, rich in 
potassium, and fairly well supplied with phosphorus, if we consider 
its very porous character and the very deep feeding range afforded 
to plant roots. 

The Green Valley soil experiment field is located on sand-ridge 
soil in Tazewell County, Illinois. The soil varies from a very sandy 
loam to a slightly loamy sand that is easily drifted by the wind when 
not protected by vegetation. This field was broken out of pasture 
in 1902. In Table 90 are reported results secured in six years from 
contiguous and comparable plots in that part of the Green Valley 
field where nitrogen as well as other elements is supplied in commer- 
cial form. 


Table 90. Crop Yields in Illinois Soil Experiments: Green Valley 
Field 



Sand-ridge Soil 


Grain 

Bushels per Acre 


Plot 

No. 

Treatment Applied 

Com 

1003, 

Cora 

1904, 

Oats 

Xl’t 

1 06 
Corn 

(W'n 

401 

None 

68.7 

56-3 

49-7 

18.3 

32-9 

3-3 

402 

Lime 

68.2 

42.0 

35-9 

19.0 

17.8 

20.5 

403 

Lime, nitrogen 

68.6 

65-4 

44.4 

23-5 

62.9 

53.0 

404 

Lime, phosphorus 

30-3 

24.9 

20.3 

16.7 

10.4 

^13'^ 


Lime, potassium 


20.1 

16.9 

16.5 

8.4 

' 12.S 

406 

Lime, nitrogen, phosphorus .... 

57-4 

69.8 

Si-9 

26.8 

70.8 

;64 7 

407 

Lime, nitrogen, potassium .... 

70.0 

72.9 

54-7 

36-5 

74.8 

i 73 d’ 

408 

Lime, phosphorus, potassium ... 

49-8 

39-6 

36-9 

13-7 

i 8-3 

! 2 :' 

409 

Lim^, nitrogen, phosphorus, potassium 

69-5 

69.8 

47.8 

36.2 

66.4 


410 

Nitrogen, phosphorus, potassium . . 

57-2 

66.1 

50.0 

26.5 

66.0 

Lk 
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Plots I (especially) and 2 in this series were naturally more 
productive than the other plots, it being the regular custom of the 
Illinois Station to use the most productive land for the untreated 
check plots if any such differences are apparent when the field is 
established, as was the case in this instance. Plot i serves only as a 
check against the lime treatment, and the average of plots 2, 4, 5, 
and 8 gives a more reliable basis of comparison for ascertaining 
the effect of nitrogen. 

Potassium is evidently the second limiting clement in this soil 
where decaying organic matter is not provided, but the limit of 
potassium is very far above the nitrogen limit. 

During the six years plot 7, receiving nitrogen and potassium, 
produced 291.3 bushels of corn (averaging 72.5 bushels a year), 
54.7 bushels of oats, and 36.5 bushels of wheat, per acre. 'I'o pro- 
duce the increase of plot 7 over plot 5 would re([uirc about 75 per 
cent of the total nitrogen applied. Thus, there has been a loss of 
25 per cent of the nitrogen applied, which is a smaller loss than 
usually occurs where commercial nitrogen is used. Without doubt, 
larger yields would have been produced, especially of corn, if 150 
or 200 pounds of nitrogen per acre per annum hacl been used, which 
would have increased the cost of nitrogen to $22.50 or $30, re- 
spectively, per acre each year. 

It need scarcely be mentioned that commercial nitrogen is used 
in these and other experiments in Illinois only to help discover what 
elements are limiting the crop yields. It should never be purchas(x 
for use in general farming, but, if needed, secured from the atmos- 
phere by legume crops to be returned to the soil directly or in ma 


iiure. 

On three other series of plots on the Green Valley soil experi- 
ment field, a three-year rotation of corn, oats, and cow[)cas is prac- 
ticed, every crop being represented every year. On plots receiv 
ing lime and phosphorus and legume crops, as green manure, the 
vield of corn was 45^6 bushels in 1906 and 67.8 bushels in 1907, 
compared with 70.8 bushels and 64.7 bushels with hme, phosphorus 
and nitrogen on plot 6 (see Table 90) and with 10.4 bushels and 
ipi bushels with no nitrogen on plot 4, for the respective yc^ars. 
On other plots receiving comparable treatment, where lime phos- 
phorus, and potassium were used with nitrogen-gathering legume 
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crops as green manure, the com yields in the three-year rotation 
were 54.6 bushels in 1906 and 51.5 bushels in 1907, compared with 
66.4 bushels and 73.6 bushels on plot 9 with nitrogen applied, and 
compared with 18.3 bushels and 27,7 bushels on plot 8 with no 
nitrogen for the same years. 

The growing of legume crops and the use of farm manure (and 
possibly limestone) are the only recommendations made for the 
improvement of these well-drained sand soils, although further 
tests may show profit from potassium until more organic matter is 
supplied. As a rule, clover cannot be grown successfully on this 
land, but cowpeas and soy beans are well adapted to such soil, and 
they produce very large yields of excellent hay or of grain \'cry 
valuable for feed and also for seed. 

Under the best conditions, with good preparation and heavy 
manuring, alfalfa can be grown on this sand soil, more than ibc 
tons of alfalfa hay per acre in one year having been grown on part 
of the Green Valley field. Both soy beans and alfalfa should be 
inoculated with the proper nitrogen-fixing bacteria. 

Heavy applications of ground limestone also may be especially 
beneficial in getting alfalfa started. 

(It should be kept in mind that residual sand soils, such as are 
found in the Coastal Plains soil province in the South Atlantic and 
Gulf States, are, as a rule, very deficient in mineral plant food, as 
well as in nitrogen.) 

Peaty swamp lands. Peat is chiefly of two kinds, one being known 
as moss peat and the other as grass peat. Moss peat consists 
largely of dead and decaying sphagnum moss, and grass peat of 
the residues of coarse swamp grass, sedge, flags, etc. Probably 
most of the beds in Ohio, Indiana, Illinois, and Iowa are grass peat, 
although there is some moss peat in northern Illinois. Indeed, in 
the detail soil survey of Lake County, Illinois, one swamp of several 
acres was found where the sphagnum moss is still growing luxuri- 
antly over a bed of moss peat. 

Where the soil consists very largely of decaying peat to a depth 
of 30 inches or more, it is called deep peat. 

As .shown in Table 15, deep peat contains in one million pounds 
of surface soil about 35,000 pounds of nitrogen, 2000 pounds of 
phosphorus, and 2900 pounds of potassium. This shows in the 
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surface 6| inches of an acre about five times as much nitrogen as 
the early Wisconsin black clay loam prairie. In phosphorus con- 
tent these two soil types are about equal, but the ])eat contains 
less than one tenth as much potassium as the black clay loam. 
Thus, the total supply of potassium in the peat to a depth of of 
inches (2930 pounds) would be equivalent to the full [potassium re- 
quirement (75 pounds) of a hundred-bushel crop of corn for only 
3Q years, or if the equivalent of only one fourth of r per cent 
of this is annually available in accordance with the rough estimate 
pre^'iously suggested, about 7 pounds of potassium would he liber- 
ated annually, or sufficient for about 10 bushels of corn per acre. 

In Table 91 are given all results obtained from the Mamto 
(Mason County, Illinois) experiment field on deep peat, whicli was 
begun in 1902 and discontinued after 1005. The ])lols in this held 
were one acre ‘ each in size, being 2 rods wide and 80 rods long, 
and untreated half-rod division strips were left between the plots, 
which, however, were cropped the same as the [/lots. 


Table 91. Corn Yields per Acre in Illinois Soil Enperiments: Mamto 
Field; Typical Deep Peat Soil 


Plot 

\o. 

Soil Treatmemt for 
1902 (Per Acre) 

Corn. 

(Bu.) 

Corn. 

'003 1 

(Bu.)! 

Soil Tkkmmknt i«ir 
1904 (IVr A(iv) 

Coiiv 

('ifii.) 

(Bu.’i 

I'dt It 

Ckois 

(Bu.) 

1 

2 

None 

None 

10,9 

10,4 

8.1! 

10.4! 

None . . . . • 
Limestone, 4000 lb. 

I 7.0 

12,0 

12.0 

10. 1 

48.0 

42.9 

T 

Kainit, 600 lb. . . 

3^4 

32-4 

Eiineslone, 4000 lb. ; 
kainit, 1200 11). . 

49.6 

47-3 

'. 39-7 

4 

Kainit, 600 lb. ; acid- 
ulated bone, 350 

lb 

Potassium chlorid, 

30-3 

33-3 

Kainit, 1200 lb.; 
steamed bone, 395 
lb. • 

Potassium chlorid, 

,\v5 

47.6 

164.7 
! '66.3 


200 lb 


■i 3-9 

400 lb 

4 - 8-5 

.■'27 

~~b 

Sodium chlorid, 700 



None 

24.0 

22. 1 

70-3 


lb 

II. I 

Tli 








Sodium chlorid, 700 



Kainit, 1200 lb. . . 

44-5 

473 


8 

lb 

Kainit, 600 lb. . . 
Kainit, 300 lb. - . 

13-3 

36.8 

26.4 

14-5 

37 - 7 i 

_2^i 

Kainit, 600 lb. . . 
Kainit, 300 lb. . • 

44.0 

i 4 i -5 

i 4^ 0 

' 32 9 
,3.6 

■ ,3 

ijS9 

69.4 

10 

I None 

14.9' 

14 - 9 : 

: None 



; In 1904 the yields were taken from quarter-acre plots because of severe insect 
■ no yfeld was taken in 1902 because of misunderstanding. 
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The results of four years’ tests as given in’ Table 91 are in com- 
plete harmony with the information furnished by the chemical 
composition of peat soil as compared with that of ordinary normal 
soils. Where potassium was applied, the yield was from three to 
four times as large as where nothing was applied. Where approxi- 
mately equal money values of kainit and potassium chlorid were 
applied, slightly greater yields were obtained with the potassium 
chlorid, which, however, supplied about one third more potassium 
^than the kainit. On the other hand, either material furnished more 
potassium than was required by the crops produced. 

The use of 700 pounds of sodium chlorid (common salt) produced 
no appreciable increase over the best untreated plots, indicating 
that where potassium is itself actually deficient, salts of other ele- 
ments cannot take its place. 

Applications of two tons per acre of ground limestone produced 
no increase in the corn crops, neither when applied alone nor in 
combination with kainit, neither the first year nor the second. 

Reducing the application of kainit from 600 pounds to 300 
pounds, for each two-year period, reduced the yield of corn from 
164.5 to 125.9 bushels. The two applications of 300 pounds of 
kainit furnished 60 pounds of potassium for the four years, or 
sufficient for 84 bushels of corn (grain and stalks).' The difference 
between this and the 125.9 bushels obtained is 42 bushels, about 
what was obtained from the poorest untreated plot. 

The underdrainage provided for this experiment field was not 
sufficient for the best results, probably because of insufficient 
nitrification. In other experiments on peaty soil with imperfect 
drainage, the addition of $15 worth of nitrogen with potassium 
produced about 15 bushels more corn than where potassium alone 
was used. 

Peaty alkali soils. Aside from deep peat, there are many 
other types of peaty soil, as will be seen from the classification of 
Illinois soil types given in a previous chapter. Thus we find shallot' 
peat and medium peat, underlain with clay, sand, rock, etc., and 
also sandy peat and peaty loam- and in some instances peaty 
soils also contain alkali, consisting chiefly of harmless calcium car- 
bonate with smaller amounts of injurious magnesium carbonate. 

In some cases these peaty soils actually contain a good percenla 
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of total potassium, more commonly in the subsurface or subsoil, 
but sometimes in the surface soil, also; and yet the untreated soil 
unproductive, while the addition of potassium salts produces 
lupre and very profitable increases in the yield of corn, oats, etc. 

in pot-culture experiments the author has even been able by the 
addition of potassium sulfate to correct to a considerable extent 
the injurious property of magnesium carbonate that has been 
purposely applied to ordinary brown silt loam prairie soil which is 
known to contain abundance of available potassium. These facts 
arc mentioned here because he recommends, in humid sections, 
trial applications of potassium salt to all classes of peaty and alkali 
soils that are unproductive after being well drained, whenever 
the supply of farm manure is insuflkient. It should be understood 
that plenty of farm manure, preferably quick-acting, or readily 
decomposable, manure, such as horse manure, will supply jwtas- 
sium and thus accomplish everything that potassium salts can 
accomplish, and on some swamp soils manure produces good re- 
sults where potassium is without effect. 

In pot-culture experiments soils containing injurious amounts 
of magnesium carbonate have been treated with calcium sulfate 
(land-plaster) which brings about a double decomposition, or inter- 
change, forming the harmless insoluble calcium carbonak' (lime- 
stone) and the very soluble magnesium sulfate, which is sub^^e- 
quently leached out, leaving the soil productive. 

The new Manito experiment field is on alkali soil consisting of 
peaty, clayey sand with some gravel, and containing sufiicient 
total potassium for normal crop yields. In Table 92 are recorded 
the treatment applied and results obtained in 1907- 

Table 92. Corn Yields in Illinois Soil Experiments: New Mantio 
Field: Peaty Alkali Soil 


Clot No. 

Treatment applied for 1907 

Corn 

(Bu. IKT A( re) 

201 

202 W. 

202 E. 

203 

204 
^205 

Manure, 12 tons ..■•••• 

Potassium sulfate, 400 pounds 

Calcium sulfate, 2 to 16 tons . . • • 

8.8 

43-5 

64.9 

73-0 

4.9 

5-4 
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Plot 204 is divided into four equal parts and the calcium sulfate 
applied at the rate of 2 tons, 4 tons, 8 tons, and 16 tons per acre, 
at a cost of $6 per ton. It produced no benefit in 1907. Whether 
it will assist in the removal of the magnesium carbonate by double 
decomposition and leaching and thus improve the soil in time, 
time alone will tell. 

The 400 pounds of potassium sulfate are applied for a three- 
year rotation at an initial cost of $10. The increase of 66 bush- 
els of corn produced the first year, at 35 cents a bushel, amounts 
to more than twice the total cost of the potassium. The manure 
also gave very excellent results. 

In Table 93 are given all results obtained during six years’ 
experiments on part of the Momence soil experiment field, located 
in Kankakee County, Illinois, near the Indiana line, on peaty swamp 
land which contains much decaying peat and coarse sand in the 
surface and subsurface, with a clayey sand subsoil resting on 
impure limestone, while the surface, subsurface, and subsoil 
contain more than half of the normal amounts of total potassium 
(19,000, 47,000, and 73,000 pounds, respectively, per acre). The 
soil contains but little alkali. 

• After 1902 (when the corn was damaged by water) the land was 
tile-drained sufficiently well for ordinary years, but in the ex- 
tremely wet season of 1907 the corn was planted very late, and with 
the continued wet weather resulted in almost a complete failure, 

Potassium was not applied to plot 102 for 1902 and 1903, and 
was not applied to plot no for 1904. The untreated check [ilot 
loi is naturally somewhat more productive than the other plots. 

These results from the new Manito field and from the Momcncc 
field, on abnormal swamp lands, emphasize the fact that, although 
some principles arc well established and can be applied with normal 
results on normal soils and on some abnormal soils (as the deep peat 
and sand ridge soils), there are complex problems still unsob cd 
relating to soils and soil fertility. 

These problems may be chemical, physical, or biological, and 
their solution may require the application of science yet unknown. 
Thus, some essential element of plant food may be present m 
abundance but held in unavailable form by chemical combination 
or physical absorption; or there may exist some still undiscovered 
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Table 93. Crop Yields in Illinois Soil Experiments; Momexce ITki d 


PlOT 

No. 

Peaty Swamp Land: Soil Treat- 
ment Applied 

Cohn (Bushels ixt Acre) 

Bu. 

1902 

1903 

1904 

1905 

1006 1907 

lOI 

None 

6.6 

14.9 

4.S 

6.8 

6.8; .3 

40-5 

102 

Lime (and potassium after 2 





1 



years) 

5'5 

7-1 

20. T 

33-9 

52.6 i4.<) 

— 

103 

Lime, nitrogen 

0.0 

3-6 


4.1 

5-.V ’4 

14.7 

104 

Lime, phosphorus .... 

1-3 

4.6 

•4 

i.S 

1.9 .2 

10.2 

105 

Lime, potassium 

2.v7 

72.2 

34f> 

41.4 

50.0 16.2 

238.1 

106 

Lime, nitrogen, phosphorus . 

0.0 

3-9 

.6 

1.6 

4-5 -41 

n.o 

107 

Lime, nitrogen, potassium . . 

19.7 

71.1 

.33-.3 


53-1 'h.5 

232.4 

108 

Lime, phosphorus, potassium . 

32.0 

TLI 

42.0 


59:4 in-T 

262.7 

109 

Lime, nitrogen, phosphorus, po- 








tassium ....... 

25,2 

66.8 

39-2 

42.9 

65.6 25.1 

264.8 

1 10 

Nitrogen, phosphorus, potassium 

24.1 

70.4 

19.0 

24.8 

.51 -3 23'4 



chemical substances injurious to agricultural plants or to necessary 
bacterial life, which may be corrected or destroyed liy jiotassiuni 
salts or other materials; and the recent very extensive investi- 
gations by the United States Bureau of Soils indicate that condi- 
tions may be brought about, artificially at least, in which organic 
toxic substances develop that arc injurious to plant growth. 




CHAPTER XXIII 

FIELD EXPERIMENTS IN THE SOUTH, INCLUDING SOUTHERN 
ILLINOIS 

The gray k'lt loam on- tight clay is one of the common types of 
prairie land in the Kansan and lower Illinoisan glaciations. This 
or very similar prairie soil is found in many places, as in south- 
ern Illinois, northern Missouri, southern Iowa, and southeastern 
Kansas. In Illinois this soil type is found chiefly between the 
Kaskaskia and Wabash rivers in an area bounded on the south by 
the Ozark Hills and on the north by the terminal moraine of the 
Wisconsin glaciation, which passes through Shelby, southern Coles, 
and Edgar counties. 

This type of soil is well known and everywhere recognized by the 
farmers themselves as “ hardpan land.” It consists of a friable gray 
silt loam which commonly varies in depth from 6 to 12 inches, and 
below which is a light gray or nearly white layer, or stratum, of 
slightly loamy silt varying from less than one inch to more than 10 
inches in thickness, and commonly referred to as “ the gray layer.’' 
At a depth of 16 to 20 inches the soil is underlain by a tight clay 
subsoil, frequently termed “ hardpan.” It should be understood, 
however, that this subsoil is not true hardpan, which consists of 
sand or gravel cemented together with clay to form a substance 
which is practically impervious to water. 

The subsoil of this gray silt loam prairie is a tight clay, inclined 
to be gummy. Water passes through it, although quite slowly, 
and when wet it can be spaded without special difficulty, but when 
dry it becomes stiff and hard. Closely related to this prairie soil 
are level upland timbered soils underlain with tight clay, found 
in the southern part of Indiana, Illinois, and Iowa, and also in 
northern Missouri and western Kentucky. 

Where this soil is enriched by proper treatment, excellent croi)3 
are grown in seasons of normal rainfall, but they are likely to suffer 
in times of drouth more than would be the case with a better sub- 
476 



FIELD EXPERIMENTS IN THE SOUTH 4^^ 

soil. As a rule, the rainfall in southern Illinois is abundant and well 
distributed during the growing season, and where the top soil is 
kcj^t fertile, severe injury from drouth is not common. 

From Table 15 it will be seen that the average surface soil of 
this type contains per acre 2880 pounds of nitrogen, 840 pounds 
of phosphorus, and 24,940 pounds of potassium, and it requires 
an application of 2 to 5 tons of ground limestone. Compared with 
the requirements for a practical crop rotation, this soil is very poor 
in phosphorus and very deficient in lime. Compared with the com- 
position of fertile soils, it is also deficient in humus as indicated by 
the total nitrogen. 

If by the best systems of crop rotations, with proper use of green 
manures, we can liberate, in favorable seasons, the e([uivalcnt of 
I per cent of the phosphorus contained in the surface soil, it would 
amount to about 8 pounds per acre for the first year for the tyi)e 
of soil under consideration. This would be sufficient for a 25- 
bushel crop of wheat. If with less perfect systems only half of i 
per cent is liberated, it would amount to 4 pounds, or enough for a 
12-bushel crop of wheat, which is about the average yield for this 
soil. 

On the Illinois soil experiment field near Odin, Marion County, 
on this ordinary prairie land of the lower Illinoisan glaciation, 
wheat is grown in a four-year crop rotation with clover, corn, and 
cowpeas. By having four different series of plots, every crop may 
be grown every year. 

As an average of four years (1904, 1905, 1906, and 1907), wheat 
grown in this rotation produced ii-| bushels per acre with no special 
soil treatment, all crops having been removed. 

Where one cowpea crop and some catch crops (as cowpeas seeded 
in the corn) had been plowed under during the rotation, the aver- 
age yield of wheat was increased to 14 bushels. 

Where lime or ground limestone had been applied and the cow- 
peas also plowed under, the average yield of wheat was j 8^ bushels 
per acre. On this set of plots better cov/pea crops and catch crops 
Were produced and turned under as green manure, because the soil 
ncidity had been corrected by the lime, applied for the special 
benefit of the legume crops. 

Where phosphorus was applied in addition to the use of lime and 
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green manure, the average yield of wheat during the four years v. as 
27 bushels; and where potassium also was included, the avcrao-e 
yield was 2g| bushels of wheat per acre. 

These results are quite in harmony with what might be expected 
from the chemical composition of the soil. If, however, we con- 
sider the corn crops in the same rotation, we have a somewhat 
different set of results. 

The average yield of corn for the four years on the untreated 
rotated land was 38 bushels per acre; with legume treatment 
(cowpeas turned under), 41 bushels; with legume and lime treat- 
ment, 45 bushels; with legume, lime, and phosphorus, 46 bushels; 
and with legume-lime-phosphorus-potassium treatment the average 
yield of corn for four years was 61 bushels per acre. 

For more convenient comparison, these results are shown in 
Table 94. 


Table 94. Crop Yields in Illinois Soil Experiments: Odin Field 



1 Average of 

Eight Tests in 

Gray Silt Loam Prairie: Lower Illinoisan Glaciation 

Four Years; Two Tests Each 
Year for Each Crop 


(Bushels 

per Acre) 

Soil Treatment Applied 

Wheat 1 

Corn 

None (except rotation) 

II .6 * 

38..3 

Legume (cowpeas turned under) 

13.8 

40.8 

Legume, lime 

Legume, lime, phosphorus 

18.5 

45'3 

27.1 

46.2 

Legume, lime, phosphorus, potassium . . . 1 

295 

61.3 


These results are four-year averages. They were made in dupli- 
cate each year. They are representative and trustworthy. They 
have also been confirmed by results from other experiment fields 
on the same type of soil. 

The effects upon com of the green manure alone and with lime 
are about the same as upon wheat, but the effects produced by 
phosphorus and potassium are very different with the two crops, 
phosphorus producing the largest increase in wheat, while potas- 
sium is much more effective with corn, although potassium without 
phosphorus (in other experiments) produces less increase in corn 
than when applied in addition to phosphorus. 



FIELD EXPERIMENTS IN THE SOUTH 


479 


A study of Table 23 will show that a 6i-bushcl crop of corn re- 
quires more potassium than a 30-bushel crop of wheat, which fact 
luay account in part for the greater effect of potassium on corn, 
although about the same relation holds for phosphorus. A mote 
jniportant difference probably exists in the relative feeding powers 
of the two crops, influenced (i) by the difference in root system, 
including the different depths of feeding, (2) by the difference in 
seasonal conditions and consequent difference in decay of humus, 
in decomposition of other soil materials, and in activity of soil 
organisms during the principal period of growth, (3) by the sol- 
vent action of the carbon dioxid excreted by the bacteria and from 
the plant roots, and (4) possibly by different requirements as to 
the forms or combinations in which the plant-food elements can 
be absorbed and assimilated or utilized by corn and wheat. 

The Rothamsted data contribute much toward the solution of 
this practical problem, but the very important question recurs, 
whether more or less of the effect attributed to potassium may not 
be due to the stimulating action of the soluble potassium salt in 
liberating other substances from the soil instead of serving directly 
as plant food; and, if so, would it be advisable and more j)rolitable 
to substitute some other less expensive material, sucli as kainit, 
for the concentrated potassium sulfate used in these experiments? 

It can also be stated that as an average of 56 tests (including 
the use of twenty-five different varieties of corn) conducted in 
1907 and 1908 on the Illinois experiment field near Fairheld in 
Wayne County, on the same type of soil, an application of 200 
pounds per acre of potassium sulfate, containing 85 pounds of the 
element potassium and costing $5, increased the yield of corn by 
5.4 bushels per acre; while 600 pounds of kainit containing only 
60 pounds of potassium and costing $4, gave 9.9 bushels increase. 
These applications are made but once for a four-year rotation. 
The kainit with 25 pounds less potassium produced 4.5 bushels 
more com than the sulfate. At 40 cents a bushel forcorn, the kainit 
has paid for itself. Kainit contains about 25 per cent of potassium 
sulfate together with some 16 per cent of magnesium sulfate, 12 
per cent of magnesium chlorid, and 33 per cent of sodium chlorid, 
all of which are soluble salts; and the results plainly indicate that 
the effects produced are due not solely to the element potassium, 
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but in part at least, and probably in large part, to the stimulatintj 
action of the soluble salt. 

The soluble salts were applied in addition to phosphorus and the 
yields compared with the results obtained where the same amounts 
of phosphorus were applied without the soluble salts mentioned. 
Limestone was also provided in all cases. The soil is not well 
supplied with decaying organic matter, the action of which will 
largely, or, if provided in abundance, entirely take the place of the 
action of the soluble salts as such. Additional experiments on the 
Fairfield field include an equally complete test with kainit and 
potassium sulfate on land to which 8 tons per acre of farm manure 
had been applied. As an average of 56 tests with each material, 
200 pounds of potassium sulfate increased the yield of corn by 1.6 
bushels, while the 600 pounds of kainit gave 1.4 bushels’ increase, 
as compared with 5.4 bushels’ and 9.9 bushels’ increase, respectively, 
where these soluble salts were applied in the absence of manure, 
all other conditions being the same. 

Thus, where farm manure is supplied, the soluble salts produced 
but little effect and are not used with profit. On the other hand, 
phosphorus usually produces its greatest effect when used in con- 
nection with organic matter. 

In Table 95 are given the results obtained during seven years on 
the Du Bois experiment field, in Washington County, Illinois, 
on the same soil type (gray silt loam on tight clay). In this field 
there arc two independent series of ten plots each, and the crop 
yields reported in the table arc in ail cases the average from two 
plots with like treatment. 

For convenient comparison it may be stated that at conservative 
prices the value of the seven crops on the untreated land is $34.30, 
while $99.1 1 represents the corresponding value from an acre treated 
with lime, bone meal, and potassium sulphate, costing $46.25. 

The yellow silt loam is found in all glaciations, and much more 
abundantly (relatively) in the unglaciated areas in the Souih 
Central states. Like most of the soils of the Central states, it 
consists of a loessial deposit. It occupies much of the sloping lands 
or hillsides, not only in the original hilly sections (as in the un- 
glaciatcd, or driftless, areas from southern Illinois to northern 
Mississippi), but also in the broken land regions along most of the 
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Table 95. Crop Yields in Illinois Soil Experiments; Du Bois Fikld 


Silt Loam Prairie: Lower Illinoisan 

Average or Ti 


'H Vv 

..... 

Glaciation 


(Bushels 0 

Tons 

per Acre) 


Soil Treatment Applied 

Com 

Oats 

Wheat 

Clover 

Corn 

Oats 

Wheat 


1903 

1904 

1 90s 

1906 

1907 

1908 

None 

4.9 

13-3 

4.8 

1.27 

314 

16.0 

2.6 

Lime 

.TO 

16.7 

9.0 

1.67 

344 

26.3 

94 

Lime, nitrogen ‘ 

4-3 

19.4 

10. 1 

1.79 

344 

34- 1 

”4 

Lime, phosphorus 

lO.O 

26.7 

26.7 

2-.?5 

34-2 

37-9 

18.5 

Lime, potassium 

8-3 

27.4 

LT.'I 

2 . IQ 

48.2 

41.8 


Lime, nitrogen, phosphorus ... 

8.7 

29.4 

32.0 

2-37 

314 

aK] 

19.7 

Lime, nitrogen, potassium .... 

7.2 

25-5 

21.8 

243 

46.0 

41-5 

17-5 

Lime, phosphorus, potassium . . . 

L 3-3 

27-8 

29-9 

2.91 

52.1 

47,2 

21.9 

Lime, nitrogen, phosphorus, potassium 

10.4 

30-5 

31-9 

i.'86 

49.0 

44-4 

120.5 

Nitrogen, phosphorus, potassium . . 

3-4 

29.4 

27.8 

2,69 

4 .S -3 

36.1 

II.O 


interior streams in glaciated areas. Under ordinary methods of 
cultivation these lands are subject to serious loss from surface 
washing, and even when not under cultivation there is and has 
been more or less rapid erosion taking place. Where this soil has 
been under ordinary cultivation for several years, it is almost 
invariably poor in humus and nitrogen, and the dominant jiroblem 
is to maintain or increase the organic matter in the soil, which will 
also increase the nitrogen. 

Of course the organic matter must in large part at least lie grown 
ujion the land, and legume crops are most suitable for this purpose 
because their growth is not limited by the small nitrogen content 
of the soil, and they also furnish green manures or animal manures 
rich in nitrogen. 

While these soils are not rich in phosphorus, that element is not 
the chief limit to the yield of crops because the nitrogen limit is so 
much lower as measured by crop requirements and by culture 
experiments. Furthermore, by surface washing, the nitrogen, 
which is contained only in the humus, is rapidly depleted, while 
the phosphorus is constantly renewed because of the supplies in 
the underlying materials. It is certain that for the highest crop 
yields phosphorus must be applied, and very probably it can ulti- 
mately be applied with profit in the best systems of soil improve- 
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merit and preservation, but, as stated above, the first requisite 
is an increase in humus and nitrogen. 

There is, however, a serious difficulty to the growing of legume 
crops, especially for clover and alfalfa. This type of soil, where it 
has been long under cultitg,tion, is markedly sour or acid. This ap- 
plies to the Kansan glaciation in Missouri and to the lower Illi- 
noisan glaciation, and especially to the unglaciated yellow silt loam 
in the southern parts of Illinois and Indiana, and in the loess- 
covered areas of Missouri, Kentucky, Tennessee, and Mississippi. 

In the northern glaciations this type of soil is less acid than in 
the Kansan and lower Illinoisan, but it is usually more or less acid 
in the middle and upper Illinoisan, in the pre-Iowan and Iowan, 
and even in the early Wisconsin glaciation, — and not only in the 
Central states, but also in New York and other Eastern states. 

In the unglaciated areas and in the lower Illinoisan and Kansan 
glaciations initial applications of at least two tons per acre of ground 
limestone arc recommended for the yellow silt loam; and for the 
other glaciations two tons or more may well be applied where 
acidity is shown in the surface and subsoil and where difficulty is 
encountered in the growing of red clover or alfalfa. 

One of the very best crops, and probably the most satisfactory 
and profitable crop, to be grown on these yellow silt loam soils is 
alfalfa. Its power to secure nitrogen from the air, to root deeply, 
and to live for many years are all very great advantages for this 
soil. Furthermore, experiments have shown that where the land 
is properly treated with heavy applications of lime or ground 
limestone (five tons per acre) and thoroughly inoculated with the 
alfalfa bacteria and the alfalfa seeded on well-prepared and well- 
manured land at the proper time and given proper care, it grows 
luxuriantly and yields large and profitable crops on this soil, as 
in Illinois, Ohio, and New York. On the other hand, to sow 20 to 
25 pounds of good alfalfa seed on this soil without special and 
proper treatment is much like throwing away about $4 an acre. 

Of course, if alfalfa is grown on this land, it should be fed on the 
farm, in part at least, and the manure returned to the soil, not 
only to help the alfalfa but also for other crops to be grown, such 
as corn and potatoes, which are a very profitable crop for this soil 
when properly enriched. 
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Table 96 gives the yields of corn, wheat, and clover obtained 
^ igoy on the Vienna soil experiment field in Johnson County. 
Illinois, located on the less rolling phase of yellow silt loam in the 
unglaciated area, and typical of more extensive areas of this Ivpe 
in other Southern states. (It should be remembered that geo- 
crraphically and agriculturally one third of Jllinois belongs with the 
South Central states. A straight line from the north jioint of 
Kentucky to the northeast corner of Missouri divides Illinois into 
tivo practically equal parts.) 

The land on which the Vienna field is located has been crojtped 
for about seventy-five years. It had never had any soil treatment, 
so far as can be determined, and was badly run down when the 
Experiment Station came into possession of it in 1902. 

The field is divided into three series of five fifth-acre plots. 
A three-year rotation of corn, cowpeas, and wheat was followed for- 
four years, then changed to corn, wheat, and clover, but, cxceitting 
the 1907 crop, the clover has failed. Cowpeas have been substi- 
tuted and the crop harvested or plowed under, as seemed practical, 
according to the yield and weather conditions. In 1902, oats were 
grown in the place of wheat. 

The soil treatment has been as follows: 

Plot I of each series, no treatment except as the cowpea stubl'lo or the 
second growth of clover has been plowed under in the regular counso of tlic 
rotation, 

Plot 2, legume crops and catch crops plowed under, except in T()ot;-T9od-T907. 

Plot 3, legumes plowed under and lime applied. 

Plot 4, legume, lime, and phosphoru.s. 

Plot 5, legume, lime, phosphorus, and potassium. 


Table 96. Crop Yields in Illinois Soil Experiments: 

Vienna F;i:i.i 



Sesies 

Series 

Series 

\’\n 

Three 


VtLLow Silt Loam Hill Land; Unglaciatf.d 
Area 

Corn, 

300, 

Wheat, 

Clover 

Crops 



1907 

1007 





Plot 

Soil Treatment Applied 

Bushels 

or Tons iter .Acre 

'J'olal 

Im rease 

I 


16.7 

4-3 

■63 

Si 2.76 

S 2,60 
18.47 
25 -ir 

2 

Legume 

17.8 

6.1 

.81 

i 5 - 3 ^J 

■1 

Legume, lime 

Legume, lime, phosphorus . . 
Legume, lime, phosphorus, potas- 
sium 

1 30 -.^ 
37-1 

13.0 

13.6 

1.92 

2.56 

37-«7 

5 1 

38.1 

15.6 

2.23 

i 

37-64 

2488 
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The primary object in applying lime is to correct soil acidity. 
In the spring of 1902 one ton per acre of slacked lime was applied- 
but, a method having been worked out by which it can be deter- 
mined by chemical analysis how much lime is equivalent to the 
soil acidity to any depth, it was found that the soil on this field 
was acid in the surface, jnore acid in the subsurface, and still more 
acid in the subsoil ; and in order to provide ample lime to correct 
this acidity, an additional application of eight tons per acre of 
ground limestone was made in the fall of 1902. From all informa- 
tion now available, it is believed that two to five tons per acre of 
ground limestone as an initial application will give very satisfac- 
tory results. Heavier applications may give more profit per acre, 
but less profit per ton of limestone used. 

Phosphorus has been applied at the rate of 25 pounds, and po- 
tassium at the rate of 42 pounds, per acre per annum, the present 
regular practice being to apply once in three years 600 pounds of 
steamed bone meal, containing 12} per cent phosphorus, and 300 
pounds of potassium sulfate, containing 42 per cent of potassium. 

Seven crops of corn, six of wheat, one crop of oats, and six of 
cowpeas and one of clover have been grown on the field since the 
work was begun in 1902. The yields of corn, oats, and wheat are 
given in Table 97. 

Counting only the crops removed, the limestone, at $1.50 per 
ton, has paid for itself and left a net profit of 34 per cent; and, 
assuming 1000 pounds’ loss per acre per annum, more than half of 
the application still remains in the soil. Neither phosphorus nor 
potassium has been used with profit, but it is interesting to note 
that plot 5 has produced six times as much wheat as No. i. 

Seasonal conditions have very markedly influenced the yields of 
crops. Larger use of crop residues to increase the organic matter 
of the soil promises further improvement. 

Some very instructive results have been obtained from a series of 
pot-culture experiments which have been in progress since 1902 
in the pot-culture greenhouse of the Illinois Experiment Station, 
and in which this yellow silt loam of the unglaciated hill land has 
been used. The soil was collected in the fall of 1901, and represents 
the old worn hill soil of Pulaski County, Illinois, only a few miles 
from Kentucky. It is much poorer in nitrogen and humus than the 
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Jills 97- Crop Yields in Illinois Soil Experiments: Vienna Field 
Com, Bushels per Acre 



average of the type, although large areas are to be found as badly 
'TOrti as the field from which this soil was collected. This field has 
tieen under cultivation for about seventy-five years, and was still 
dropped when the soil was collected. During the earlier period of 
its cultivation the soil frequently produced 25 bushels of wheat an 
but during the later years about 5 bushels has been the aver- 
age crop in normal seasons. 

Table 98 gives the results of seven years’ experiments with pot 
cultures on this type of soil. It is seen that practically no gain has 
^cen made except where nitrogen was supplied, cither directly in 
commercial form or indirectly by means of legume treatment. It 
should be borne in mind that no legume treatment preceded the 
^902 wheat crop. The catch crop of cowpeas, which was planted 
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after the 1902 wheat crop and turned under later in the fall, pro- 
duced a marked effect upon the 1903 wheat crop. This effect be- 
came more marked in 1904 and 1905, when every pot receiving 
legume treatment outyielded the pot receiving lime-nit rotten 
treatment. 

The last line in the table gives the yields from a pot of \ irain 
soil collected from a piece of unbroken virgin sod land adjoininc? 
the cultivated field from which the soil in all the other pots was 
taken. It is seen that the yields from this pot are gradually de- 
creasing, doubtless due to the exhaustion of the more active or- 
ganic matter in the soil. 


Table 98. Crop Yields prom Pulaski County (Illinois) Soil 
Pot-cuUurc Experiments 


Yfxlow Silt Loam Hill Land of the 
Unglaciated Area 

1902 

1903 

1904 

1905 

1906 

190; 

Oais 

(Gramsi 

Soil Treatment Applied 

((Irams) 

(Grams) 

(Grams) 

(Grama); 

(Grains)^ 

None 

3 

5 

4 

4 

4 

6 

Legume, lime 

4 

10 

17 

26 

19 

37 

Legume, lime, phosphorus . . 

3 

14 

19 

20 

18 

2" 

Legume, lime, phosphorus, potas- 







sium 

3_ 

16 

20 

21 

19 

aO 

Lime, nitrogen 

26 

17 

14 

IS 

9 

28 

Lime, phosphorus 

3 

6 

4 

6 

4 

8 

Idme, potassium 

3 

3 

3 

5 

5 

TO 

Lime, nitrogen, phosphorus . . 

34 

26 

20 

18 

18 

30 

Lime, nitrogen, potassium . . 

33 

14 

21 

21 

16 

23 

Lime, phosphorus, potassium . 

2 

3_ 

3 

5 

3 

7 

Lime, nitrogen, phosphorus, po- 

34 

31 

34 

21 

20 ! 

26 

tassium 







Virgin soil (no treatment) . . 

24 

17 

15 

17 

13 

6 


The results from the pot cultures bear out very conclusively the 
results obtained from the field tests; namely, that marked improve- 
ment can be made on this soil by turning under legume crops where 
lime has been applied. Very striking results appear in the oat 
crop in 1907. 

Of interest in this connection is another series of pot-culture 
experiments, with soil from the worn hill lands of Henry County. 
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in northwestern Illinois, which furnish additional information 
concerning the general need of nitrogen for these hill lands. 

The plan of these experiments, the soil treatment applied, and 
the results obtained are all shown in Table 98.1, and they require no 
further comment. 

Table 98.1. Oat Yields from Henry County (Illinois) Soil 
Pot-culture Experiments 


Yeliow Silt Loam Hill Land: Upper Illinoisan Glaciation 


Soil Treatment Applied 


Oat \ iELns 
(Grams per I’ol) 


None 

Lime 

Lime, nitrogen 

Lime, phosphorus .... 
Li me, potassium .... 
Lime, nitrogen, phosphorus . 
Lime, nitrogen, potassium . 
Lime, phosphorus, potassium 


5 

4 

45 

6 

_, 5 _ 

46 

5 


Lime, nitrogen, phosphorus, potassium 
Nitrogen, phosphorus, potassium . . 


None 


The Mississippi Experiment Station has reported in Ihillelin loS 
one year’s experiments (1906) at Holly Springs in the northwest 
part of that state, on similar worn hill land where fertili/iers were 
used for cotton, corn, and cowpeas. The following comments are 
made; 

“Phosphates hastened the maturity of cotton. On land with some decaying 
organic matter in it, phosphate alone gave good results, good enough to make 
it profitable. Potash alone, or in combination with nitrogen and phosphates, 
gave no apparent results. Nitrogen (cotton-seed meal) alone gave good re- 
sults. Cotton-seed meal and phosphates mixed gave good results.” 

Similarly, in referring to the com and cowpeas, the following 
statements are made: 

“The land was thin upland. A drought of seven weeks obtained when the 
corn was young. Where the soil contained organic matter, phosphates alone 
gave good results. Potash alone, or in combination, failed to show any appre- 
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dable benefit. Nitrogen (cotton-seed meal) alone gave good results. A mix- 
ture of cotton-seed meal and phosphates gave good results.’' 

“The fertilizer test with peas was interfered with somewhat by the Octoljer 
storm, but it was apparent that both acid# phosphate and prude, finely ground 
rock increased the growth of peas in a marked manner — apparently doubling 
the crop.” 

In Iowa Bulletin 98, 1908, are imported the following yields of 
clover hay from the Leon experiment field on the loess and till 
soils of southern Iowa. 

Table 99. Southern Iowa Field Experiments 


Plot 

Soil 

Treatment 

Clover Hay 
PER Acre 

401 a 

Loess 

None 

2800 pounds 

402 a 

Loess 

Lime 

2400 pounds 

403 a 

Loess 

Manure . . 

4480 pounds 

404 a 

Loess 

Phosphorus 

5480 pounds 

405 a 

Mixed ‘ 

Potassium 

2600 pounds 

406 a 

Mixed 

Phosphorus 

4750 pounds 

407 a 

Mixed 

Potassium 

2480 pounds 

408 a 

Mixed 

Phosphorus, potassium . . ' 

4680 pounds 

409 a 

Till 

Lime, nitrogen, phosphorus, potassium . . 

Nitrogen, phosphorus, potassium .... 

6560 pounds 

410 a 

Till 

4600 pounds 

506 & 

Till 

Lime 

3520 pounds 

507 & 

Till 

Manure 

5120 pounds 

508 h 

Till 

Phosphorus 

5080 pounds 

Sogb 

Till 

Manure 

4400 pounds 


* Mixed loess and till. 


The following comments are made in the summary of Iowa 
Bulletin 98: 

“Manure applied to the soil at the rate of eight tons per acre was decidedly 
beneficial to the growth of clover.” 

“Phosphorus applied to the soil as steamed bone meal nearly doubled the 
yield of clover*. The steamed bone meal was applied at the rate of 200 pounds 
per acre.” 

“Potassium, applied to the soil as potassium sulfate, did not increase the 
clover crop. Neither did this element of plant food prove beneficial when used 
in combination with phosphorus.” 
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“Nitrogen, applied to the soil as dried blood in combination with phosphorus 
jpd potassium, produced an increase of 1800 pounds of clover hay per aero 
over that grown with the minerals without dried blood.” 

“Clover should be grown extensively in southern Iowa for the following 

reasons : 

“ a. The soils of this section of the state are deficient in nitrogen and organic 

matter. 

“ h. These soils tend to wash because they lack humus.” 

Georgia field experiments. The Georgia Agricultural Experiment 
Station has reported a large number of fertilizer experiments, 
especially with cotton and corn; and the “Georgia rotation” 
has also won distinction for that station. This is a three-year 
rotation, as follows: 

First year. Cotton. 

Second year. Corn, with cowpeas seeded at the last cultivation 
and harvested for seed only, the vines being left on the land for 
soil improvement. 

Third year. Winter oats, followed by a regular cro]) of cowpeas 
to be harvested for hay. 

For this rotation, on worn uplands, Director Redding recom- 
mended the following applications per acre (Georgia Bulletin 
72, 1906); 


Crops 

Niteogk.n 

Phosphorus 

Potassium 

Vai.uk 

For cotton 

14 

20 

12 

S 5'22 

For corn 

12 

10 

14 

3-''^4 

For oats 

17 

13 

21 

5-37 

For cowpeas (after oats) . . . 

— 

G 

10 

2.40 

Total for three years , . . 

43 

5« 

57 

Si 6.83 


The fertilizer materials used arc usually cotton-sced meal, acid 
phosphate, and potassium chlorid, although some use may be made 
of sodium nitrate, and kainit may replace the concentrated salt. 

In the main this system is designed to apply for each crop the 
plant food which it needs, without much reference to the improve- 
ment of the soil, although farmers are urged to make and use fam 
manure so far as possible, and the statement is also made that 
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“ there are no fertilizers that will give better results on cotton 
than well-preserved and thoroughly rotted farmyard manures, 
applied very early in the season of preparation; but it will add very 
much to the effectiveness of such manures to mix with them a lib- 
eral dose of acid phosphate, say loo to 200 pounds to each ton.” 

It should be kept in mind that the upland soils of Georgia are as 
a rule much w'orn and extremely deficient in active organic matter, 
Thus, the average yield of corn on the 4} million acres annually 
produced is ii bushels per acre, for the 10 years, 1899 to 1908. 

The following statements regarding distances for planting corn 
occur on page 126 of Georgia Bulletin 72: 

“On soils of still less capacity, say from 10 to 15 bushels per acre, the dis- 
tance should be still greater, say 18 to 24 square feet to the stalk, or 2420 to 1815 
hills to the acre. Eighteen square feet to the stalk would be secured by spacing 
6 feet by 36 inches, or 5 feet by 43 inches; or 4 feet 3 inches by 4 feet 3 inches, 
A soil that would produce less than 10 bushels, with good seasons and very light 
manuring, is not fit to plant in corn.” 

Many of the Georgia experiments relate to a study of the effect 
of varying the proportions of the different fertilizers, as illustrated 
in Table 100 (Georgia Bulletin 62, page 93, year 1903) : 


Table ioo. Georgia Fertilizer Experiments with Corn 


Plots of 2 Rows Each 

Pounds applied per Acre 

Cost of 
Fertil- 
izers 

PER 

Acre 

Corn 

(Excepting tlie Unfertilized 
Plot, 4 Rows; Rows 4 Feet 
Wide by 209 Feet Long) 

Sodium 

Nitrate 

Cotton- 

seed 

Meal 

Acid 

Phosphate 

Potassium 

Chlorid 

(Bushels 

!x.'r 

Acre) 

I, 6, 12, 17, 22 . . 

17 

200 

151 

5-0 

$ 3-68 

18.2 

2, 7, 13. 18, 23 . . 

17 

180 

182 

6.1 

3.68 

18.S 

3, 8, 14, 19 . . . 

17 

162 

2 II 

7.0 

3.68 

18.7 

4 , 9, 15, 20 . . . 

17 

146 

236 

7-9 

3.68 

i 7’3 

5, 10, 16, 21 . . . 

II (unfertilized) 

17 

I31 

259 

8.7 

3.68 

17.0 






It. 6 


“The plan of the experiment was to make up five different formulas and apply 
the same cost value of each different formula to corresponding successive plots.” 

The same section of land (Div. B, Sect, i — East) was used for 
corn in igoo, and the report for that year states that “ no plots 
were left unfertilized.” The fertilizer (including 53 pounds 
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cotton-seed meal, 45 pounds of acid phosphate, and 2 pounds of 
tassium chlorid, in 100 pounds) was applied at the rate of 200, 
,00, and 600 pounds per acre, and the respective yields of corn 
were 35-8, 37.0, and 38.4 bushels per acre, from which the conclu- 
sion is drawn that “ the results only confirm conclusions repeatedly 
reached in previous years that large doses of commercial fertilizers 
‘ do not pay,’ as a rule, when applied to corn on upland.” 

In this connection the following rainfall records are of interest: 

Table ioi. Ratnfall Records at Experiment, Georgia 


' 



July 

August 

Total tor 

Years 

(Inches) 

(Inches) 

(Inches) 

(Inches) 

TiiK Vtak 



2.61 

T2.02 

6.84 

4-45 

62.33 

6.09 

5-14 

3.22 

6.27 

53-40 


•79 

1.90 

1-54 

4.99 

47'05 





1905 

1906 

6.47 

2.27 

2.28 

5-46 

48.78 

2-43 

•83 

3-64 

6.91 

29.96 

3 - 3 ^ 

4-97 

3.01 

2.92 

42.37 

2.21 

5-03 

4.17 

6.48 

44-74 

Averages, 1890 to 1906 .... 

3.08 

4.11 

5.00 

5 '93 

46.47 


The yearly records for 1900 and 1904 arc the extremes for the 

seventeen years. _ r . 

In Table 102 are recorded the results of a senes of fertilizer ex- 
periments with cotton, as reported in Georgia BulleUn 63. 

For the 1904 corn crop fertilizers were applied uniformly to all 
plots (except No. ii) as follows, in pounds per acre: 


^ ===. 

Sodium 

Cotton- 
seed Meal 

.Acid 

Potassium 


Nitrate 

IhomhA.e 





156 

130 

6.2 

21 

195 

162 

1 8.0 


Ir, ,906 cotton was grown on at least part of the ™ 

1903, with the plan of experiment and results report 
103 It is not clear whether these results may have been influenced 
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Table 102. Georgia Fertilizer Experiments with Cotton 


Plot Nos., 2 Rows in 
Each Plot 

(4 Rows for Plot II ?) 

Pounds applied per Acre 

Cost of 
Fertil- 
izers 
(Except 
Nitrate 
per 
Acre) 

Yield 
OF Seed 
Cotton 
(Pounds 
per 
Acre) 

Value 
of In- 
crease 
at 4^ 

PER 

Pound 

(Ih'uhtls 

Sodium 

Nitrate 

(With 

Seed) 

Cotton- 

seed 

Meal 

Acid 

Phos- 

phate 

Potas- 

Chlorid 

Nitrogen Test: Division B, Section 4, East, 1903 

1504 

I, 6, 12, 17, 22 . 

15.6 

200 

250 

25.0 

%i 5 

1146 

$15.04 

20,3 

2, 7 , i 3 > 18, 23 . 

15.6 

160 

306 

30.6 

4 - 15 

1120 

14.00 

20.1 

3, 8, 14, 19 . . 

15.6 

120 

362 

36.2 

4-15 

1072 

12.08 

1S.5 

4, 9 , IS, 20 . . 

15.6 

80 

418 

41.8 

415 

1057 

11,48 

19.5 

5, 10, 16, 21 . . 

15.6 

40 

474 

47-4 

4-15 

1042 

10.88 

iq.6 

II (unfertilized) 

15.6 

— 

— 

— 


770 

— 

20.1 

Potassium Test: Division B, Section 4, West, 1903 


I, 6, 12, 17, 22 . 

19-5 

195 

520 

65 

$6.50 

1503 

$22.13 


2, 7, i3i 18, 23 . 

19-5 

205 

547 

. 52 

6.50 

1438 

19.71 


3, 8, 14, 19 . . 

19-5 

215 

574 

39 

6.50 

1448 

20.16 


4, 9, 15, 20 . . 

19-5 

225 

601 

26 

6.50 

1488 

21,96 


5, 10, 16, 21 . . 

19-5 

235 

628 

13 

6.50 

1451 

20.29 


II (unfertilized) 

X9.5 


— 


— 

1000 

— 


Potassium Test: Division B, Section s, West, 1903 


I, 6, 12, 17, 22 . 

I 9 -S 

195 

520 

65 

$6.50 

1556 

$24.93 


2, 7, 13, 18, 23 . 

19-5 

205 

547 

52 

6.50 

1639 

28.66 


3, 8, 14, 19 . • . 

19-5 

215 

574 

39 

6.50 

1635 

28.48 


4 , 9 , IS, 20 . . 

19-5 

225 

601 

26 

6.50 

1667 

2 Q,Q 2 


5, 10, 16, 21 . . 

19-5 

235 

628 

13 

6.50 

1693 

31.09 


II (unfertilized) 

19-5 

— 

— 


— 

1002 




Potassium Test: Aver 

\GE, 1903 




rQ 04 

I, 6, 12, 17, 22 . 

19-5 

195 

520 

65 

$6.50 

1529 

$23.76 

25.3 

2, 7, 13, 18, 23 . 

I 9 -S 

205 

547 

52 

6.50 

1538 

24.16 

25.5 

3, 8, 14, 19 . . 

19-5 

215 

574 

39 

6.50 

1541 

24.30 

25.3 

4, 9, 15, 20 . . 

19-5 

225 

601 

26 

6.50 

1578 

25.96 

2T.7 

5, 10, 16, 21 . . 

19-5 

23s 

628 

13 

6.50 

1572 

25.96 

24.0 

II (unfertilized) 

19-5 

■ 

— ■ 


— 

lOOI 


22.2 


by the residual effect of previous applications made in the “ ni- 
trogen testj” for example (Table 102). 

The use of fertilizers on corn in Georgia, if profitable at all? is 
evidently made possible only because the farm price of corn is 
very high (69 cents as a ten-year average), and the profit from the 
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Table 103. Georgia Fertilizer Experiments with Cotton 
(Division B, Sections 4 and 5, East, 1906) 


Fertilizer Formula: 

Potassium chlorid . . 74 It- 

1572 in. 

Applied per Acre | 

Results per Acre 

Mixed Fertilizer j 

Nitrate 

(With 

Seed) 

(Lb.) 

Yield of 
Seed 
Cotton 
(Lb.) 

Increase 
Uuc to 
Fertilizer 

(Lb.) 

Value 
of In- 

Amount 

(Lb.) 

Cost 

12 plots of 3 rows each . 

400 1 

1 $ 4-00 

22 

173s 

281 

$10, ir 

12 plots of 3 rows each . 

800 

Aoo 

22 

1890 

436 

15,69 

12 plots of 3 rows each . 

1200 

12.00 

22 

2042 

588 

21.17 

2 plots of 4 Jows each . 



22 

1454 

— r;- 

zrr::r._- 


> At 10 cents a pound for lint and 70 cents a hundred for seed. 


use of fertilizers is found in the cotton crop, which it should be 
remembered is the most valuable per acre of all the general field 
crops grown in the United States (potatoes and tobacco being 
considered as truck or garden crops) . 

As an average seed cotton is about one third lint and two thirds 
seed, and a hundred-bushel crop of corn is more difficult to produce 
than 3000 pounds per acre of seed cotton, which would yield 1000 
pounds (or 2 bales) of cotton lint. At ten cents a pound for cotton 
lint and 70 cents per 100 pounds for cotton seed, such a crop would 
be worth $i 14 an acre, or about three times as much as 100 bushels 
of corn at the ten-year average price in the corn belt. Georgia 
produces less than 200 pounds of cotton lint per acre, on about 43 
million acres, the annual acreage being second only to that of Texas. 

Judging from the composition of the residual soils of Marylam ,. 
Tennessee, and Georgia, and from the statement by Director Red- 
ding concerning the value of farm manure reenforced with acK 
phosphate, it seems evident that large use of ground limestone am 

legume crops, the latter to be plowed under either directly or in 

farm manure, and liberal applications of phosp rate, cons 1 u " 
the most essential factors for the permanent improvement of such 
land; although, under the present condition of most of the up an 
soils of Georgia and other Southern states, profitable use can no 
doubt be made of potassium, at least until the supply of acUve 
organic matter is greatly increased, and especially f^^ ^he cotton 
mop, which pays such large returns for a comparatively small 
increase in yield per acre. 
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Table 104. Alabama Field Experiments, 1905-1908 
Averages per Acre per Annum 


6 

1 

Plant Food Applied 

Cost 

Lad- 

der- 

dale 

Co., 

Gray 

Silt 

Loam 

Soil 

Cull- 

man 

Co., 

Gray 

Sandy 

Up- 

land 

Chil- 

ton 

Co., 

Gray 

Sandy 

Soil 

Au- 

ga 

Co., 

Red- 

dish 

Sandy 

Soil 

Mont- 
gom- 
ery 
Co., 
Black 
OR Red 
Prai- 
rie 

Talla- 

poosa 

Co., 

Gray 

AND\ 

LAND 

•^Iacon 

Co., 

p.AKK 

iAAN'DY 

Loam 

No. of Years in Trial 

4 

3 

4 

3 

3 


3 ~ 


Seed Cotton 

PER 

Acre, Pounds 




I 

Nitrogen (14 lb.) ^ . . 

$2.50 

649 

442 

647 

00 

00 

00 

464 


468 

2 

Phosphorus (16 lb.) . 

1.68 

678 

571 

,'i 78 

789 

484 

587 

625 

3 

Unfertilized .... 

— 

374 

320 

483 

676 

401 

433 

481 

4 

Potassium (20 lb.) . . 

1.50 

796 

452 

646 

700 

576 

610 

634 

,s 

Nitrogen, phosphorus . 

4.18 

129s 

721 

6.';7 

829 

503 

651 

728 

6 

Nitrogen, potassium . 

4.00 

886 

576 

618 

801 

628 

663 

595 

7 

Phosphorus, potassium 

3.18 

695 

614 

570 

716 

644 

626 

610 

8 

Unfertilized .... 

— 

387 

291 

4,37 

679 

382 

358 

522 

9 

NPK 

5.68 

917 

683 

778 

880 

740 

742 

925 

10 

NPK H) 

4-93 

801 

710 

718 

808 

689 

790 

893 


Increase of Seed Cotton per Acre, Pounds 


I 

N 

S2.50 

275 

122 

163 

212 

62 

202 

-13 

2 

P 

1.68 

304 

251 

94 

1 13 

82 

154 

145 

4 

K 

1.50 

419 

138 

172 

23 

178 

192 

145 

5 

NP 

4.18 

916 

413 

192 

152 

109 

248 

231 

6 

NK . ’ 

4.00 

504 

274 

163 

124 

238 

275 

90 

7 

PK 

3.18 

311 

317 

124 

38 

258 

253 

96 

9 

NPK 

5-68 

530 

393 

341 

201 

357 

384 

403 

10 

NPK(i) 

4-93 

414 

419 

280 

129 

307 

432 

371 


Value of Increase per Acre (at 3.2 c. per Lb.) 


I 

N 

$2.50 

8.80 

3-90 

5-23 

6.78 

1-99 

6.46 

-.41 

2 

P 

1.68 

9-73 

8.04 

3.02 

3-63 

2.63 

4-94 

.63 

4 

K 

1.50 

13-41 

4.4T 

5- 49 

-75 

5-71 

6.13 

4.64 

5 

NP 

4.18 

29.31 

13.22 

6.16 

4.87 

3-49 

7-95 

7-39 

6 

NK 

4.00 

16.14 

8.76 

5-20 

3-96 

7-63 

8.80 

2.88 

7 

PK 

3.18 

9-95 

10.16 

3-96 

1. 21 

8.24 

8.09 

3.08 

9 

NPK 

5.68 

16.96 

12.57 

10.91 

6.44 

11-43 

12.30 

12.89 

10 

NPK (i) 

4-93 

13-25 

13.42 

8.98 

4.14 

9.81 

13-84 

11.86 


^ The nitrogen is regularly applied in 200 lb. of cotton-seed meal (at $253 ton), 
which also contains about 2 lb. of phosphorus and 3 lb. of potassium. The 
phorus is applied in 240 lb. of acid phosphate (at $14 a ton) and the potassium m 
200 lb. of kainit (only 100 lb. on plot 10), costing $15 a ton. These are the prices 
reported in Alabama Bulletin 145, February, 1909. 



FIELD EXPERIMENTS IN THE SOUTH 495 

Alabama field experiments. The Alabama Agricultural Experi- 
ment Station has reported the results of fertilizer experiments 
with cotton on the common soils in several different counties. In 
Table 104 are given three-year or four-year averages from seven 
different counties. In computing the value of the increase, Direc- 
tor Duggar allows $14 a ton for cotton seed and 10 cents a pound 
for lint, the average price for the five years, 1904-1908. He also 
assumes that the seed cotton is one third lint, and thus counts the 
cotton seed at 3.8 cents a pound, or at 3.2 cents a pound for the 
increase, after allowing .6 cent a pound for picking and ginning. 

These results especially emphasize two facts: first, that the soils 
are very poor, and second, that the cotton crop is so valuable that 
even small increases in yield justify large expenditures for fertil- 
izers. As an average of the 48 different tests, the yield of the un- 
fertilized land is less than 1 50 pounds of cotton lint per acre. 

With few exceptions, every kind of fertilizer has more than paid 
its cost, and as a rule every addition has increased the profit jicr 
acre, the largest profit being secured from the most heavily fer- 
tilized land. It should be kept in mind, however, that as an average 
a pound of Alabama seed cotton is worth five times as much as a 
pound of Illinois corn. Very probably the 200 pounds of kainit 
have been more effective than 50 pounds of potassium chlorid 
would have been, because these soils arc as a rule very deficient 
in active organic matter, and under such conditions the larger 
quantity of soluble salt is likely to become more effective. 

The average annual rainfall of Alabama is given as 51 inches. 
The monthly rainfall from May to September averages more than 
4 inches. Of the 20 records for these months during the four years, 
1905-1908, the lowest was 2.42 inches, and only three others were 
below 3,44 inches. The highest was 8.50 inches, with only two 
others above 5.51 inches. 

Louisiana field experiments. The Louisiana Agricultural Experi- 
ment Station has conducted a series of field experiments since 
1889, on the experiment farm at Calhoun, in the northern part of 
the state, on hill land originally covered with pine trees. The soil 
bad become much exhausted from 70 or 80 years of previous cotton 
culture. 

The field consists essentially of six one-acre plots arranged in 
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three series of two plots each, one unfertilized and the other fer- 
tilized chiefly with compost made as described below. A three- 
year rotation has been practiced as follows; 


First year Cotton. 

Second year . . . . . Corn and cowpeas. 

•Third year Oats followed by cowpeas. 


By having three series, each crop may be represented every year. 

For cotton, 30 bushels per acre are applied of a compost made by 
mixing 2 tons of acid phosphate with 100 bushels each of stable 
manure and cotton seed. For corn, 30 bushels per acre are used of 
a compost made with one ton of acid phosphate mixed with 100 
bushels of stable manure and 100 bushels of cotton seed. After 
preparing the compost, it is allowed to ferment for two or three 
weeks, then thoroughly mixed, and after standing a few days 
longer is ready for use. 

The oats are fertilized with 200 pounds of cotton-seed meal and 
100 pounds of acid phosphate per acre, and the cowpeas are also 
fertilized by applying 50 pounds of acid phosphate and 50 pounds 
of kainit per acre. 

The following average results are reported by Director Dodson 
in Louisiana Bulletin in, September, 1908: 


Table 104.1. Louisiana Field Experiments at Calhoun: Yields pee 
Acre; from 19 Years’ Records 


Series 

Seed Cotton (Lb.) 

Corn (Bu.) 

Oats (Bu.) 

Unfertil- 

ized 

Fertilized 

Unfertil- 

ized 

Fertilized 

Unfertil- 

ized 

Fertilized 

A 

459 

1555 

9-7 

30-4 

22.1 

49.3 

B 

507 

181I 

8.9 

30-5 

12.4 

32.2 

C 

432 

1175 

g.6 

33-5 

14.9 

44-1 

Average ... 

466 

i5n 

9.4 

31-4 

16.4 

41. S 

Increase . . . 


1048 lb. 



22.0 bu. 

— 

25.4 bu 

Value ^ of increase 


$39.82 

— 

$11.00 

— 

$11-43 

Cost of fertilizer . 


5-50 


6.00 


2.95 


^ Computed at Louisiana prices, 3.8 cents a pound for seed-cotton, 50 cents a 
bushel for corn, and 45 cents a bushel for oats. 
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The cost of fertilizer is given as estimated by Director Dodson. 
No report is made of the yield of cowpeas. 

In 1889 the increases produced by the fertilizing were only ,:;oi 
pounds of seed cotton, 4.7 bushels of corn, and 4.8 bushels of oats; 
but in the second year the increases were 1227 jwunds of seed cot- 
ton, 19.7 bushels of corn, and 25.3 bushels of oats, which arc prac- 
tically as great as the averages for the entire ])criod. 

The 1514 pounds of seed cotton would yield about 1000 pounds 
of cotton seed, or about 30 bushels, which would not be sulhcient 
to make the compost for one acre of cotton and one acre of corn, 
counting the shrinkage in volume during the three or four weeks 
allowed for fermentation; and, besides the whole seed used in the 
compost, 200 pounds of cotton-seed meal are used for the oats. 
On the other hand, the corn, oats, and cowpea crops produced on 
the fertilized land would certainly make much more manure than 
was used in these experiments, so that, with little modiiication, this 
system could be made independent and permanent as well as more 
profitable. 

The following significant statements arc made by 1 rolessor 
Dodson: 


“When we sell cotton lint, we sell cellulose, composed of liydrogi'u, oxygen, 
and carbon (CtH,«Os), which was derived from the air and water dUeii we' 
seii our seed, we soil the fertility of the land, as the Northern and Western i a, m. r 
dees when he sells his grain. The oil, however, has no 
like the lint, composed of elements taken from the air and , 

he used again by the cotton plan,; so if we sell onlythe ' T “^i , 

ing the hulls and the meal to the land, we have no, reduced the ftrltiny ap- 

preciably.” 

With liberal applications of ground limestone where nrolerl, ami 
large use of the most suitable legume crops turncl umlcr, eitlmr 
in farm manure or in green manures, including not ""3 Tdov'cr 
but also red clover, alsike clover, crimson clover, Jap n o 
(Lespedeza), vetch, velvet beans, and even alfalfa und r p o| er 
rombtions, and with plenty of phosphorus, either as 
steamed bone meal, or fine-ground raw rock phos, t m 

very certain that the cotton and gram crops of th So'ith cold 1 b 
increased even much above the yields mamtamcr for so years 
these valuable experiments by the Louisiana btation. 
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It is highly probable that a liberal use of kainit would also be 
profitable fora time in getting such systems under way on the more 
depleted soils. It must be kept in mind that crops must be grown 
before either farm manure or green manure can be plowed under. 

Note. On the Coastal Plains, especially from North Carolina to Florida, 
are some extensive areas of very sandy soils. For truck farming these be- 
come very productive where heavily fertilized, but they are commonly (oo 
poor to be used profitably for general farming. Thus, Bulletin 68 of the 
Florida Agricultural Experiment Station contains 40 chemical analyses of 
the ordinary very sandy loams upon which nearly all of the pineapples pro- 
duced in that state are grown, and in commenting upon these soils the 
authors say, “ Few of the soils would be able to produce more than two or 
three crops of pineapples if all the plant food present were available.” 



CHAPTER XXIV 

MINNESOTA SOIL INVESTIGATIONS 

Because they have been so widely quoted in the agricultural 
press of the central West, and even in text-books on soils and fer- 
tilizers, it seems especially important to give in some detail the re- 
sults of field and laboratory experiments conducted by the Minne- 
sota Agricultural Experiment Station since 1892. 

Table 105. Minnesota Soil Investigations 
(a) Crop Yields per Acre in liuslicls or Tons 


Year 

Plot No. i 
Without Manure, 
Wheat grown Con- 
tinuously 

Plot No. 2 

8 Loads 1 of'Manure 

IN Five-year Rotation 

Plot No. .t 

8 Loads* of Manure 

IN Four- YEAR RorATION 

1893 

1894 

1895 

1896 

1897 

1898 

12.3 

8.9 

I 7-3 

14.1 

10.2 

25 - 2 , 

Av. 14.7 

Wheat . . 
Clover . . 
Wheat . . 
Oats . . 
Wheat . . 
Clover . . 

13.7 bll. 
2.1 6 tons 
22.0 bu. 
31.4 bu. 
14.2 bu. 

1. 41 tons 

Oats 

Clover . 
Barley . 
Corn . . 
Corn . . 
Oats . . 

41.6 bu. 

1. 18 tons 

42.5 bu. 

66. 7 bu. 
3.T7 >10. 
76.4 bu. 

1899 

1900 

1901 

1902 

1903 

1904 

17.6 
18.8 

16.2 

18.3 

18.6 
I 3-7 

Av. 17.2 

Wheat . . 
Wheat . . 
Oats . . 
Corn . . 
Wheat . . 
Clover . . 

19.5 bu. 
24.4 bu. 
58.7 bu. 
(?) 

30.0 bu. 
3.98 tons 

Clover . 
Barley . 
Corn . . 
Oats . . 
Clover . 
Barley . 

1.86 tons 
28.3 bu. 
40.6 bu. 
80.0 bu. 
4.70 tons 
40.0 bu. 

Total clover in 12 years 

Clover . . 

7.55 tons 

Clover . 

7, 74 tons 

(b) Nitrogen* in Soil per Acre 9 Inches Deep 

^’EARS 

Total (Lb.) 

Loss (Lb.) 

Total (Lb.) 

Loss (LI,.) 

'I'OTAL (LI,.) 

I.oss-{LI,.) 

1892 

1896 

1900 

1904 

5400 

4715 

4230 

3955 

j 1 

5400 

5645 

4840 

4690 

245 (g‘''>’'') 

805 (loss) 
150 (loss) 

5200 

5360 

4870 

5480 

160 (gain) 
490 (lo.s.s) 
615 (^gain) 

Total loss in 8 






years, 1896 to 
1904 . . . 

760 


955 (loss) 


125 (gain) 


1 Evidently these loads of manure weighed 1200 lb. each, making c/,00 H,., 

or less than 5 tons, per acre. — C. G. H. _ 

= Baser! upon the statement that .eat per cent of nitrogen is epurvalent to stoo 

lb. of nitrogen per acre. 
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' Probably no agricultural investigations have ever been reported 
which have brought forth more error and confusion in the public 
mind than these experiments. 

While they are carried on in part to determine the effect ui)on 
wheat yields of continuous wheat culture upon the same land, the 
information secured only shows that some factor or factors, other 
than the continuous growing of wheat, have thus far exerted pre- 
dominating influence upon the production of wheat. 

The figures for nitrogen given in Table 105 are based upon the 
percentages reported from time to time by Professor Harry Snyder 
in Minnesota Bulletins 53, 70, and 89, and upon his later statement 
that all samples have been taken to a depth of 9 inches. 

Thus, in Minnesota Bulletin 53, June, 1897, we read: 

“Plots I, 2, and 3 were 4 rods by 5 rods.” 

“On plot No. I, wheat was grown continuously. On plot No. 2, wheat was 
grown in 1893, and clover was sown with the wheat; a crop of clover was har- 
vested in 1894. In the fall of 1894 the clover sod was plowed under, and the 
next year a crop of wheat was grown, and in 1896 a crop of oats. It is the plan 
to apply manure at this point and produce a crop of corn, and to follow the 
corn with wheat and clover, the complete rotation being: (i) wheat and 
clover, (2) clover, (3), wheat, (4) oats, (5) corn and manure. 

“Plot No. 3. After the whe,at crop in 1892, oats were grown, and clover 
was seeded with the oats, and in 1894 a crop of clover was harvested. The 
clover sod was fall-plowed and the next year barley was grown. After the barley 
crop the plot received 1200 pounds of manure, and the next year was seeded lo 
corn, the complete rotation being: (i) oats and clover, (2) clover, (3) barley, 
(4) corn and manure.” 

“In plots Nos. I and 2 there was originally present in the soil .221 per cent of 
nitrogen, equivalent to 5400 pounds of nitrogen per acre to a depth of 9 inches. 
After four years’ continuous cropping of wheat, plot No. i yielded .193 percent 
of nitrogen, a loss of .028 per cent, equivalent to an annual loss of 171 pounds 
of nitrogen per acre.” 

“In plot No. 2, where clover has been grown in a rotation, there has been a 
gain of nitrogen. At the end of the rotation there was .231 per cent nitrogen 
present in the soil. On this plot clover was grown, and the second growth of 
clover was plowed under for green manure. The total nitrogen removed in the 
crops amounted to 178 pounds. Notwithstanding the fact that larger croi)s 
have been grown on this plot than on No. i, there has been a gain of 245 pounds 
of nitrogen in the four years’ rotation, in addition to the nitrogen removed in the 
crops.” 

“The soil (of plot 3) originally contained .211 per cent of nitrogen. At the 
close of the rotation it contained .218 per cent of nitrogen. The amount of 
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niu-ogen raBOved in the crops during the four years amounted to 204 pounds 
The gam in nitrogen has been at the rate of about 40 pounds per acres ' ‘ ' 


Four years later, in Minnesota Bulletin 70, May, 1901, we find 
the following statements: 


“Plots Nos. I and 2 contained, at the beginning of the c.xperiments in 
,221 per cent of nitrogen, while plots Nos. 3, 4, 5, and 6 contained .211 pe,’ 
cent. It IS estimated that an acre of the soil of plots Nos. i and 2, to a depth 
of 9 inches, would contain approximately 7700 pounds of nitrogen, while the 
remaining plots would contain approximately 7400 pounds. .At' the’ end of the 
first four years of continuous wheat cultivation, plot No. r contained .ig^ per 
cent of nitrogen; a loss of .028 per cent, equivalent to an annual lo.ss of 171 
pounds of nitrogen per acre. At the end of the second period of four years 
(he soil contained .173 per cent of nitrogen. ’ 

“At the beginning of the experiment in 1892, plot No. 2 contained ,221 per 
cent of nitrogen. At the end of eight years, after the removal of tive crops of 
wheat, two of clover and one of oats, or si.\ grain cro[)s and two clover crops, the 
soil contained .198 per cent of nitrogen.” 

“On plot No. 3, oats, clover, barley, and corn have hocn grown. T'he soil 
of this plot originally contained .211 per cent of nitrogen. At' the end of eight 
years the soil contained .198 per cent of nitrogen.” (See pages 254 -256 in Min- 
nesota Bulletin 70.) 


In Minnesota Bulletin 89 (January, 1905) we find the following 
statements: 

“While 21.7 per cent of the soil nitrogen was lost during the first eight years 
of continuous wheat culture, only 5.71 per cent was lost during the four years 
following.” 

“On plot No. 2 a rotation consisting of wheat, clover, wheat, oats, and corn 
and manure has been followed, with some modifications because of elimatic 
conditions. The soil of this plot contained originally about the same amount 
of nitrogen as plot No. i, namely, 7700 pounds per acre to a depth of one foot.' 
At the end of twelve years the soil contained 6725 jiounds.” 

“The soil of plot number three originally contained about 7400 pounds piT 
acre of nitrogen. At the close of the first pcriotl of four years, the .soil .showed 
a slight gain in nitrogen, and at the end of eight years, a slight loss. During 


' On page 38 of Minnesota Bulletin 102 (September, igoyla eorreetion note slates 
hiat this should read: “to the depth of three fourths of one foot, ” anrl eonsequently 
it must be assumed that the “7700 pounds” should read “5400 pounds” dess 
than 75 per cent), and that corresponding corrections should be made throughout. 
According to the data {5400 pounds for .221 per cent) the soil of an acre to a depth 
of 9 inches wmuld amount to about 2,450,000 pounds, which agrees with Professor 
f'nvder’s statement that the soil weighed about 75 pounds per cubic foot (page g, 
i^'finnesota Bulletin 53). — C. G. H. 
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the third four-year period also there was a slight gain of nitrogen, and at the end 
of twelve years, the soil contained about 7800 pounds per acre, showing that 
where clover was grown once in four years in*a rotation with grains, and one 
dressing of farm manure was applied to the corn at the rate of eight loads ])er 
acre, the nitrogen content of the soil has been maintained unimpaired.” (See 
pages 193 to 195 in Minnesota Bulletin 89.) 

In his excellent and widely used text and reference book on 

Fertilizers,” Doctor Voorhees, Director of the New Jersey Ag- 
ricultural Experiment Station, makes the following statements: 

“Another source of natural loss of nitrogen is its escape from the soil as gas 
into the atmosphere. This is due to the oxidation of the vegetable matter, or 
to ‘denitrification,’ which takes place very rapidly where soils rich in vegetable 
matter are improperly managed. The possibilities of loss in this direction are 
strongly shown by investigations carried out at the Minnesota Experiment 
Station on ‘ the loss of nitrogen by continuous wheat raising’ (Minnesota Bulle- 
tin 53). The results of these studies show that the total loss of nitrogen an- 
nually was far greater than the loss due to cropping. In other words, by the 
system of continuous cropping, which is universally observed in the great 
wheat fields in the Northwest, there was but 24.5 pounds of nitrogen removed 
in the crop harvested, while the total loss per acre was 171 pounds, or an excess 
of 146 pounds, a large part of which loss was certainly due to the rapid using up 
of the vegetable matter by this improvident method of practice. Whereas, on 
the other hand, when wheat was grown in a rotation with clover, the gain in 
soil nitrogen far exceeded that lost or carried away by the crop.” 

These statements faithfully represent the teaching of Minnesota 
Bulletin 53, except as to the manner in which the nitrogen escapes. 
With the more recent accumulated information concerning soil 
bacteria, to , which Doctors Voorhees and Lipman of the New Jersey 
Station have largely contributed, a revision of Voorhees’ “ Fer- 
tilizers” probably will not ascribe any large part of the loss to 
denitrification. 

In his own text-book on “ Soils and Fertilizers,” published in 
June, 1905, Professor Snyder makes the following statements 
(page 1 1 2): 

“ A rotation of wheat, clover, wheat, oats, and com with manure will leave the 
soil at the end of the period of rotation in better condition as regards nitrogen 
than at the beginning. These facts are illustrated in the following table : ^ 

^ Minnesota Agricultural Experiment Station Bulletin No. 53. 
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“ Continuous Wheat Culture 

Nitrogen in soil at beginning of.experiment 0.221 per cent 

Nitrogen at end of $ years’ continuous wheat cultivation . . 0.193 pc'" cent 
Loss per annum per acre (in crop 24.5, soil 146.5) .... 171 pounds 


“Rotation of Crops 


Nitrogen in soil at beginning of rotation 0.221 per cent 

Nitrogen at close of rotation 0.231 per cent 

Gain to soil per annum per acre 61 pounds 

Nitrogen removed in crops per annum r . . 44 


“It is to be regretted that in the cultivation of large areas of land to staple 
crops, as wheat, corn, and cotton, the methods of cultivation followed arc such 
as to decrease the nitrogen content and crop-producing power of the soil when 
this could be prevented.” 

Unquestionably the greatest practical problem that confronts 
the average American farmer is to maintain the humus and nitro- 
gen content of the soil,^ and the author cannot be true to the stu- 
dent and neglect to present the determined facts in a matter of so 
vital consequence to American agriculture. It will be noted that 
the data just quoted relate only to the first four years (not five 
years or twelve years) of these Minnesota experiments, where no 
manure had been used. As a matter of fact, the published bulletins 
show that wheat (not corn) was grown on plot 2 the lifth year. 
The subsequent data show, however, that during the second four 
years (presumably with manure added) there was a loss of nitrogen 
from plot 2 amounting to .033 per cent (.231-.198), or about 800 
pounds per acre (counting only 2,450,000 pounds of soil for a depth 
of 9 inches), and during the same four years the data for the other 
rotation, with manure applied, show a loss of 490 pounds of nitro- 


gen per acre from plot 3. _ . at;,. 

The only point the author would emphasize is that these Iv - 
nesota investigations have not yet furnished sufficient data to 


^ It is a very simple matter to maintain or 
content. One ton of raw rock phosphate. cosUng f 

distance of shipping) and removed in X2 years if the 

"eragl of corn (grain only removed), roc bushels of oats. 

SO bushels of wheat, and 4 tons of clover. 
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determine the conditions under which the supply of nitrogen ^\ ill 
be maintained. Of course it requires no new investigations to show 
that sufficiently large applications of manure will maintain the 
supply of nitrogen, whether the crops are rotated or grown continu- 
ously, as at Rothamsted, with wheat, barley, or mangels. 


Note. In passing from this extended consideration of the field experi- 
ments conducted in various parts of the United States, the reader will per- 
haps be interested to note the following correspondence in relation to the 
application of science to practical farming: 

“ Gilman, Illinois, November 23, 1909 
"Dear Doctor Hopkins: — Am sending you a few comparative figures, 
which I trust may interest you. I have no doubt you can see more in them 
than I can, but I see much that gives encouragement for the future: 
"Comparative Yields of Corn from Treated and Untreated 
Land: 1909 Crop (Bushels per Acre) 


Corn on clover sod; land cultivated 30 years, with no manure and no 

pasture; Untreated 

Same kind of land; Treated with 4 ton raw rock phosphate 

Same; Treated with 5 ton phosphate and 3 tons limestone . . . . . 


65.1 bushels 
81.9 busliels 

84.1 bushels 


Second-year corn after clover; Untreated . . 
Same; Treated with h ton per acre of phosphate 


70.0 bushels 
77.6 bushels 


“ On the clover sod there seems to be about a normal difference in yield. 
Much of the last field, including the check strip, has had two lo-ton appli- 
cations of manure in 6 years. 

" Kind regards, 

(Signed) " F. I. Mann.’' 

" University of Illinois, Urbana, December i, 1909. 

“ Mr. F. I. Mann, Gilman, Illinois. 

"Dear Sir: — I thank you for your letter of November 23, giving the 
1909 results on your 200 acres of corn from the methods of soil improvement 
which you have been practicing for several years. I note that the cumula- 
tive effect of the system is apparently becoming evident. Where phosphorus 
produces a ton more clover per acre (as you reported last year), the increased 
clover and added phosphorus must increase the following corn crop. 

" Two of our old plots here at the University yielded exactly the same 
(64 bushels) as an average of three corn crops (1895-1897) before we beg '.n 
applying limestone and phosphorus to one of them. This year the untreatLd 
clover sod produced 32.8 bushels, and the treated land yielded 77.6 bushels, 
per acre. Where limestone without phosphorus was applied, the yield was 
38 bushels, and, with limestone, phosphorus, and potassium, 83.7 bushels. 

" Very truly yours, 

(Signed) "Cyril G. Hopkins.” 



CHAPTER XXV 

CANADIAN FIELD EXPERIMENTS 

The government of Canada established an agricultural experi- 
ment station (Dominion Experimental Farms) in 1886, and a series 
of held experiments were begun by Director Saunders in 1887, 
which have been continued under his direction for more than 20 
years. 

The following quotations taken from the Annual Report for 
1897 gives general information concerning these experiments: 

“A piece of sandy loam, more or less mixed with clay, which was originally 
covered with heavy timber, chiefly white pine, was chosen for these tests. The 
timber was cut many years ago, and among the stumps still remaining When 
the land was purchased there had sprung up a thick second growth of trees, 
chiefly poplar, birch, and maple, few of which exceeded six inches in diameter 
at the base. Early in 1887 this land was cleared by rooting up the young trees 
and stumps and burning them in piles on the ground from which they wore 
taken, the ashes being afterwards distributed over the soil as evenly as jmssilile, 
and the land plowed and thoroughly harrowed. Later in the season it was 
again plowed and harrowed, and most of it got into fair condition for crop])ing. 

“The plots laid out for the experimental work with fertilizers were one tenth 
of an acre each, 21 of which were devoted to experiments with wheat, ar to 
barley, 21 to oats, 21 to Indian corn or maize, and 21 to experiments with tur- 
nips and mangels. Owing to the difficulty and unavoidable delay attending 
the draining of some wet places, it was not practicable to undertake work on all 
the plots the first season. The tests were begun in 1888 with 20 plots of wheat 
and 16 of Indian com ; and in 1889 all the series were completed excepting six 
plots of roots, Nos. 16 to 21 inclusive, which were available for the work in 1890. 
In all cases the plots in each series have been sown on the same day. 

“ In 1890 it was found that all the grain plots had become so weedy that the 
growth of the crops was much interfered with, and with the view of cleaning 
the land, one half of each of the wheat and oat plots was sown with carrots in 
1891, and one half of each of the barley plots with sugar beets. In 1892 the 
other half of each plot in each of these series was sown with carrots. In 1893 
it was thought desirable to continue this cleaning process, and carrots were again 
sown, on the half of the wheat and oat plots occupied with this crop in 1891, 
and also on the half of the barley plots cropped with sugar beets that year, in 
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1894, 1895, 1896, and 1897 the one half of the oat plots were sown again with 
carrots and the half of the plots devoted to wheat and barley were planted with 
potatoes.” 

Other changes from the original plans, and also some general 
conclusions drawn by Doctor Saunders at the end of 20 years, are 
given in the following statements quoted from the Report for the 
year ending March 31, 1908. 

“These trials have shown that barnyard manure can be most economically 
used in the fresh or unrotted condition ; that fresh manure is equal, ton for ton, 
in crop-producing power to rotted manure, which, other experiments have 
shown, loses during the process of rotting about 60 per cent of its weight. In 
view of the vast importance of making the best possible use of barnyard 
manure, it is difficult to estimate the value of this one item of information. 

“When these experiments were planned, the opinion was very generally held 
that untreated mineral phosphate, if very finely ground, was a valuable fertilizer, 
which gradually gave up its phosphoric acid for the promotion of plant growth. 
Ten years’ experience have shown that mineral phosphate, untreated, is prac- 
tically^of no value as a fertilizer. 

“ Sulfate of iron, which, at the time these tests were begun, was highly recom- 
mended as a means of producing increased crops, has also proven to be of very 
little value for this purpose. 

“Common salt, which has long had a reputation with many farmers for its 
value as a fertilizer for barley, while others disbelieved in its efficacy, has been 
shown to be a valuable agent for producing an increased crop of that grain, 
while it is of much less use when applied to crops of spring wheat or oats. 
Land-plaster or gypsum has also proved to be of some value as a fertilizer for 
barley, while of very little service for wheat or oats. Some light has also been 
thrown on the relative usefulness of single and combined fertilizers. 

“After ten years’ experience had demonstrated that finely ground, untreated 
mineral phosphate was of no value as a fertilizer, its use was discontinued in 
1898. Prior to this it had been used in each set of plots in Nos. 4, 5, 6, 7, and 8, 
in all the different series of plots, excepting roots. In 1898 and 1899, similar 
weights of the Thomas phosphate were used in place of the mineral phosphate, 
excepting in plot 6 in each series. In this plot the Thomas phosphate was used 
in 1898 only. 

“After constant cropping for ten or eleven years, it was found that the soil on 
these plots to which no barnyard manure had been applied was much depleted 
of humus, and hence its power for holding moisture had been lessened, and the 
conditions for plant growth, apart from the question of plant food, had on this 
account become less favorable. In 1899 tbe experiments were modified and an 
effort made to restore some proportion of the humus and at the same time gain 
further information as to the value of clover as a collector of plant food. In the 
spring of that year ten pounds of red clover seed per acre was sown with the 
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grain on all the plots of wheat, barley, and oats. The young clover plants 
made rapid growth, and by the middle of October there was a thick mat of 
foliage varying in height and density on the different plots, which was plowed 
under. No barnyard manure was applied on plots i and 2 in each series from 
1898 to 1905. 

“In 1900 all the fertilizers on all the plots were discontinued, and from then 
to 1905 the same crops were grown on all these plots from year to vear without 
fertilizers, sowing clover with the grain each season. In this way some infor- 
mation has been gained as to the value of clover as a collector of plaitt food, and 
also as to the unexhausted values of the different fertilizers whicli had been used 
on these plots since the experiments were begun. In 1905-6 -7 all the fertilizers 
were again used as in 1898.” 

The corn plots and root plots were fertilized somewhat differ- 
ently from the others, and the corn was cut green and weighed in 
the fresh condition. The results with wheat, oats, and barley are 
of more general interest, and the most significant data from these 
crops are recorded in Table 106, in which all dated intervals are 
inclusive. 

In the author’s opinion, we must question the conclusion of Doc- 
tor Saunders that nonacidulated mineral phosphate is of no \ aliie 
as a fertilizer. There are at least two important points to lie con- 
sidered before drawing any final conclusion: First, does the land 
need phosphorus? Or, in other words, is phosphorus the limiting 
factor? Sandy loam soils are more likely to be deficient in either 
nitrogen or potassium than in phosphorus.^ Second, was any 
adequate means provided in the system of farming for liberating 
the phosphorus from the raw phosphate? 

From Table 106 we see that the raw phosphate used alone pro- 
duced practically no increase on wheat, oats, or barley, but this is 
also true as regards fine-ground bone during the first ten years, 

' Since the above was written, Professor Frank T. Shutt, Chief Chemist uf the 
Dominion Experimental Farms, has kindly furnished the author unpublished 
analytical data from samples of soil collected in 1898, which show that 2 million 
pounds of surface soil contained, for plot 3 in the oats series, 2130 i)ounds of nitro- 
gen, 1950 pounds of acid-soluble phosphorus, and 3160 pounds of acid-solublc 
potassium; while the corresponding figures for plot 3 of the barley scries were 
2600, 1850, and 2990, and for the wheat series, 2120, 1470, and 3240 pounds. 
Compare the following significant figures: 


Nitrogen Phosphorus Potassium 

Oats . . 970° 

Soil 1950 3160 



Table io6. Canadian Field Experiments 




CANADIAN FIELD EXPERIMENTS 


509 


plot 13 yielding only 1.2 bushels more wheat, 2.3 bushels more 
oats, and .4 bushel less barley than plot 4. The 300 pounds of cal- 
cium sulfate on plot 20 produced .4 bushel more wheat, the same 
yield of oats, and .9 bushel less barley than the 500 pounds of acid 
phosphate on plot 21. By referring to Table 78, we find that as an 
average of six 4-year periods, 640 pounds of calcium sulfate pro- 
duced practically no effect (12J cents per acre in four years), while 
dissolved bone black carrying 42 pounds of phosphorus produced 
an average increase of $i 2.17. These results certainly indicate that 
phosphorus is not the limiting factor in crop yields on the Ottawa 
soil. 

The effect produced on oats by the fine-ground bone is probably 
due to the nitrogen contained in the bone. It is a common ob- 
servation that oats respond to nitrogen more rapidly than most 
other crops on the same soil, and it will be observed that sodium 
nitrate alone (plot 15) produced practically the same etfect on 
oats as the nitrate and acid phosphate combined. Where nitrogen 
was provided, the raw phosphate (plots 5 and 7) produced a larger 
average increase on oats than did the acid phosphate (plots 10 


and ii), during the first nine years. 

A study of the results with wheat and barley indicate that potas- 
sium is the first limiting element for those crops. As an average of 
the first ten years, the largest yield of wheat was [)roduced by po- 
tassium chlorid, aside from the farm-manure plots; and the second 
largest yield was with ashes (plot 14; compare with 13). Sodium 
chlorid also produced some increase in the yield of wheat, and with 
barley the 300 pounds of sodium chlorid produced the largest ) ie ( , 
aside from the two heavily manured plots. Even acid phosphate, 
containing much calcium sulfate and an acid salt of phosphorus, 
may liberate some potassium. It may be questioned w het cr potas 
sium or nitrogen is most limiting for the barley crop, but it is p am 
that phosphorus is not the limiting element. Even during the sec- 
ond ten years, the 150 pounds of potassium chlon or ^ ^ 3 ^ 
pounds of sodium chlorid rank higher than 500 pounds of bone 
or 500 pounds of acid phosphate, in either trial (plots 9 an 21), 
and also far above the slag phosphate (plot 4). _ 

OiPplot 6 the raw phosphate was applied in connection with 
“ actively fermenting ” manure, and it may have pro uce som 
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effect, but this cannot be known, because there is no comparison 
plot on which the same amount of untreated manure was used. 
If we average plots i and 2, we find that 6 tons of phosphated 
manure on plot 6 produced more than 70 per cent as much in- 
crease as 15 tons on plots i and 2. Comparison with the Penn- 
sylvania and Ohio experiments does not help much in trying to 
decide if the raw phosphate was effective when mixed with the 
manure at Ottawa, in part because the applications are propor- 
tionately different, and in part because the manure itself produces 
different effects on different soils. With the data presented, any 
possible comparisons can be made by the student. 

Except for the oat crops which, as stated, usually respond readily 
to nitrogen, ammonium sulfate with the to pounds of nitrogen 
produced a smaller average effect than the sodium nitrate with 
30 pounds of nitrogen, thus indicating that the sodium in the 
nitrate exerted appreciable influence. 

Apparently, iron sulfate produced some small effect, but it is 
doubtful if it is greater than would have been produced by 60 
pounds of sodium chlorid. For this and other comparisons in- 
volving few plots, the author calls attention to the fact that there 
are some marked natural variations among the individual plots in 
these series; and in such cases no final conclusions can be drawn. 
In the oat series, plot 3 produced 9 bushels more oats per acre than 
plot 12 as an average for the first nine years, and 14 bushels more 
for the next ten years. Plot ii in the oat series is evidently a 
plot which yields below normal. 

The quotations from Doctor Saunders show that some 
parts of the field were naturally wetter than others, and on 
page 51 of the Annual Report for 1897 the statement is made 
that “ plots 12, 13, and 14 were on a piece of rising ground on 
light soil.” 

The records for 1903 and 1904 give the yields for the last two 
years of green manuring with catch crops of clover, while 1906 
and 1907 furnish later records after the fertilizer applications 
were renewed, beginning with 1905. 

In Table 107 are given probably the most significant data from 
the root crops (and potatoes) that were grown on altem»ting 
half plots in these series during the seven years, 1891 to 1897. 



Treatment and Yields per Acre for Alter 
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These results may serve as a control or check when comparisons 
are needed.^ 

Thus, from Table io6, we note that iron sulfate produced a 
more marked effect upon oats and barley than upon wheat; but 
in Table 107 we observe that, as a three-year average, iron sulfate 
decreased the yield of carrots on the wheat series, and increased 
markedly the carrot crop when grown on the oat series. Likewise, 
with potatoes, iron sulfate decreased the yield by 8 or 28 bushels 
on the wheat land, and produced an increase of 8 bushels or a 
decrease of 13 bushels on the barley series. All of this means that 
apparent results from treatment not controlled by some sort of 
repetition are not to be given great confidence, especially when 
the apparent effect of the treatment is no greater than the difference 
between the untreated plots, or between any two plots which are 
fairly comparable, as plots 5 and 10, wherever plot 5 shows the 
larger yield. 

‘ Evidently through a clerical error, the three-year average yield of carrots from 
the wheat series was credited to the oats series in the 1894 Report of the Dominion 
Experimental Farms, and this error was continued in the subsequent reports; 
consequently the above corrected seven-year average does not agree with the data 
given in the 1897 Report. 
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SHORT-TIME POT-CULTURE AND WATER-CULTURE EXPERI- 
MENTS IN COMPARISON WITH FIELD RESULTS 

The United States Bureau of Soils has developed methods of 
making culture experiments in paraffined wire pots and in water 
extracts of soils, which it was hoped would furnish information from 
two or three weeks’ growth of seedling plants that would serve as 
a useful guide in determining the fertilizer requirements of the soil. 

Table io8. Experiments on Wooster (Ohio) Soil 
Comparison of Ohio Field Experiments with Bureau of Soils’ Pot Cultures for 
determining Needed Elements of Plant Food 


(a) Ohio Station’s Nine Years’ Test in Field 
Average Increase in Yield per Acre 


Effect Produced By : 

Corn 

(Bu.) 

Oats 

(Bu.) 

WtIKAT 

(Bu.) 

Uay> 

(1.1).) 

Nitrogen (NP over P) . . . • • 

Phosphorus (alone) 

Potassium (KP over P) , 

6.53 

6-59 

4.11 

6.152 

7.46 

2.34 

4.17 

6.0 

2.02 

881 

4 (J 0 

33.1 

Nitrogen (NPK over PK) . . . • 
Phosphorus (PNK over NK) . . . 
Potassium (KNP over NP) . . • 

4.48 

11.05 

2.06 

8.18 

14-52 

4.00 

5-44 

12.45 

3-29 

737 

1077 

289 


( b ) Bureau oe Soils’ Twenty-day Test in Pots 
Weight of Green Tops (Increase only, in Grams) 


Effect Produced By : 

Ordinary 

Son. 

W'ITU 

Lime 

With 

Mam;he 

Wn ii Lime 

.Ma.vuke 

Nitrogen (NP over P) 

Phosphorus (alone) 

Potassium (KP over P) 

2.71 

-.01 

.81 

4.20 

.10 

•50 

1.90 

-.70 

,00 

2.50 

-1.20 

-•30 

Nitrogen (NPK over PK) . • • ■ 
Phosphorus (PNK over NK) . • • 
Potassium (KNP over NP) . ■ • 

2.80 

■95 

.90 

2.60 

-.10 

-1. 10 

2.go 

-.40 

1. 00 

1 -2.80 
-4.80 

1 - 5 - 6 o 


N = nitrogen; P = phosphorus; K = potassium. 
I Increase in clover and timothy hay. 
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Table 109. Experiments on 'Wooster (Ohio) Soil 
( a) Statement showing Actual Increase and Order of Effectivent ss 


Plot 

No. 

Treatment 

Ohio Station’s q 
Years’ Field Test 
WITH 'Wheat ; Av. 
Bu. PER Acre 
(Increase Only) 

Bureau of Soils’ 
Soil Extract ( j t- 
tures ; Water tr/. v^. 
fired by Wheat 
Seedlings 
(Increase Only) 

Bushels 

Order 

Grams 

Order 

5 

Nitrogen 

I.4I 

I 

216 

4 

3 

Potassium 

I.4S 

2 

-4 

I 

9 

Nitrogen, potassium .... 

1.97 

3 

241 

5 

2 

Phosphorus 

6.96 

4 

78 

2 

8 

Phosphorus, potassium . . . 

8.98 

5 

I 2 I 

3 

6 

Nitrogen, phosphorus .... 

II. 13 

6 

268 

6 

II 

Nitrogen, phosphorus, potassium 

14.42 

7 

279 

7 


( b ) Comparison of Ohio Field Experiments with Bureau of Soils, 
Water Cultures for determining Needed 
Elements of Plant Food 


Effect Produced By ; 

Ohio Wheat Yields 
IN Field Tests, Av- 
erage OF 9 Years, 
Bushels per Acre 
(Increase Only) 

Bureau of Soils’ 
Extract Cultckes, 
Water transpikki) 
BY Wheat Seedli.ngs 
(Increase, Grams) 

Nitrogen (NK over K) 

•49 

24s 

Nitrogen (alone) 

1.41 

216 

Nitrogen (NP over P) 

4.17 

190 

Nitrogen (NPK over PK) 

5-44 

158 

Phosphorus (PK over K) 

7-50 

125 

Phosphorus (alone) 

6.96 

78 

Phosphorus (PN over N) 

9.72 

52 

Phosphorus (PNK over NK) .... 

12.45 

38 

Potassium (KP over P) 

2.02 

43 

Potassium (KN over N) 

•56 

25 

Potassium (KNP over NP) .... 

3-29 

II 

Potassium (alone) 

1.48 

-4 


Tables 108 and 109 show the results of such culture experiments 
in direct comparison with the average results of nine years’ field 
experiments by the Ohio Agricultural Experiment Station on the 
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same type of soil at Wooster. In one experiment the Bureau's 
j-csiilts are reported in terms of “ weight of green tops ” of the 
wheat seedlings, and in the other in terms of water transjiired by 
the young plants, which Whitney and Cameron have held to be a 
satisfactory measure of plant growth. 

]t will be noted that the disagreement between the 20-day tests 
of the Bureau and the nine years’ field results of the Ohio Station 
is so nearly perfect as to render the short-time culture experiments 
of no value. (See Ohio Experiment Station Bulletin 167 and Illi- 
nois Experiment Station Circulars 105 and 123.) 

The author has repeatedly emphasized the fact tliat the student 
of soil fertility should study the data secured in soil investigations, 
and thus be prepared to draw his own conclusions. The im])ortance 
of this is well illustrated by the following statement from the 
Bureau of Soils concerning the data under discussion: 

“ The general conclusions from the field experiments, both in the l)egin- 
ning in 1894 and in their more advanced stages, are in agreement with those 
carried on by the methods of basket cultures and cultures in soil extract.” 
(See page 116, Ohio Bulletin 167, written by the Bureau of Soils.) 

In his introduction to Ohio Bulletin 168 (page 122), Professor 
Milton Whitney, as Chief of the United States Bureau of Soils, 


makes the following statement: 

“The results of the two investigations at Wooster and Strongsville leave no 
reasonable doubt that the paraffin pot method does give results in harmony 
with the average results obtained by the much longer timed expenmenis in Ihe 
field, It thus has an unquestionable value as a practical method for mvestiga - 
ing the manurial requirements of the soil. 

Attention is called to the fact that the form of statement used 
in Table 109 is not only entirely fair and triislworlhy, but it is 
the only method by which the effect pro<luced by each element 
can be ascertained for the different conditions. Siip|iose for ex- 
ample, that a farmer is using potassium alone upon us am or 
increasing his crop yields (which, as a mailer 0 act, mm re ’ 
of Illinois farmers are doing on peaty swamp lamis), he ques- 
tion may naturally arise. Will it pay to apply nitrogen also to he 
soil? According to the Bureau’s results, such an adchtion 0 this 
Ohio soil would produce a greater increase than any other addition 
of a single element; while, according to nine years actual field 
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trials by the Ohio Station, such an addition produces a smaller 
increase than any other. 

Again, suppose the farmer is adding nitrogen to his soil, as 
most farmers are doing by growing legumes, if not in commercial 
form. There is no more sensible or appropriate question than, 
Will it pay to add phosphorus also ? The Ohio Station reports 
that such an addition of phosphorus will increase the yield of 
wheat g.72 bushels per acre annually, which is almost seven times 
the increase produced by nitrogen alone ; but according to the 
tests by the Bureau of Soils the increase of phosphorus added in 
this way would be less than one fourth of that produced by the 
nitrogen. 

So far as nitrogen and phosphorus are concerned, the- perfect 
disagreement between the water-culture method and the actual 
field results is indeed remarkable. 

The addition of potassium produces some increases in the field 
experiments, but they are not in accordance with the results 
obtained with the soil-extract cultures, the lowest positive increase 
by potassium in the water cultures being produced where its effect 
should have been greatest, as, indeed, was the case in the field 
trials ; namely, when applied in addition to both phosphorus and 
nitrogen. 
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PART IV 


VARIOUS FERTILITY FACTORS 


CHAPTER XXVII 


MANUFACTURED COMMERCIAL FERTILIZERS 


The three elements, nitrogen, phosphorus, and potassium, in 
so-called available forms, have become important articles of com- 
merce. In Europe they are usually purchased singly and applied 
with reference to the deficiencies of the soil and the needs of 
the crop; but in America the commercial fertilizer business has 
been developed largely in the line of mixed goods, or so-called 
complete fertilizers, which are, in fact, known and purchased by 
name much more generally than upon any clear understanding 
of their composition with respect to the needs of the soil and crop. 
This is very largely the fault of the American statesman, w'ho, 
as Hunter said of the French Minister, Colbert, “gave all possible 
encouragement to the artisan and the merchant, but 
the manufacturer must eat his bread at a moderate price. I hus 
for a hundred years after most of the agricultural lands between 
Washington and Richmond had been abandoned for agricultural 
purposes, the American statesman gave no apparent thought to 
the development of permanent systems of agriculture. 

No wiser use could be made of public money than for the Rep- 
resentatives in Congress to secure for the agricultural experi- 
ment stations of each state federal ^ appropriations of say S5000 
for each congressional district in the state, to be used so e y or 


1 In this connection it is well to remember that even relatively 
enues are very meager compared with those of the federal ^ 

Illinois’ “share” of the federal revenues is approximately ten t mes the tota 
revenue of the Illinois state government. The soil is the pnncipa source o a 
revenue, either direct or indirect. 
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the investigation of the soils of the state with a view to the ulti- 
mate adoption of permanent systems of profitable agriculture on 
every type of soil in every state. 

The first important movement tending in this direction by 
the national government is represented in ‘‘ An Act donating 
Public Lands to the several States and Territories which nuiv 
provide Colleges for the benefit of Agriculture and the Mechanic 
Arts,” which was signed by President Lincoln on July 2, 1862. 
This, the first “Morrill Bill,” was an endowment for instruction only; 
and it was not untilMarch 2, 1887, that the “ Hatch Act ” became 
a law, “ An Act to establish Agricultural Experiment Stations in 
connection with the Colleges established in the several States under 
the provisions of an act approved July 2, 1862.” 

Thus, the experiment station, which is the chief source of correct 
agricultural information, was established twenty-five years later 
than the agricultural college, with the result that for twenty-five 
years and more the state agricultural college was required to teacli, 
without facts or knowledge concerning the agriculture of the statef 
Under these conditions it is not so strange that the practice of the 
American farmer with respect to the use of commerical fertilizers 
has been essentially a continuation of his previous system of soil 
depletion, the fertilizer being used almost invariably as a soil and 
crop stimulant, which leaves the soil poorer and poorer with 
continued use. 

The following hona fide examples are fair illustrations of the 
“ complete ” commercial fertilizers now being used in the United 
States to the extent of about $75,000,000 annually. 

“Homestead Tobacco Grower 
“ Guaranteed Analysis 


Available phosphoric acid 10.00 to ii.oo^c 

Equal to available bone phosphate 21.00 to 24.00' 0 

Soluble phosphoric acid 8.00 to 9.00' 0 

Equal to soluble bone phosphate 17.00 to 19.00' 0 

Insoluble phosphoric acid So to 1.50' 0 


^ In 1900, when it became the author’s duty to teach the subject of soil fertility 
to Illinois students, there was no source of knowledge concerning the composition 
of Illinois soils. 
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Eqiial to insoluble bone phosphate 
Kiirogen, total available . . . 

Equal to total available ammonia 

Potash (KjO) 

As potash sulfate 

“Our Homestead Tobacco Grower is well known, especially in the to- 
bacco-growing districts of Kentucky, Tennessee, and southern Ohio, and the 
excellent results given make it needless for us to add our own recommenda- 
tion of it. For producing the best quality of tobacco it is unexcelled.” 


1. 00 to 3.25''(i 
3.C0 to 4.00% 
3-50 to 4.75% 
3.50 to 4.00' ;) 
6-50 to 7.50% 


“Complete Manure* 
“ Guaranteed Analysis 


Pkr Cknt 

Total phosphoric acid 8.00 to 1 1 00 

Available phosphoric acid 7.00 to 10.00 

Equal to available bone phosphate 15.25 to 21.85 

Nitrogen 82 to 1. 65 

Ammonia i. 00 to 200 

Potash (K2O) T. 00 to 2.00 


“This brand is what its name implies — a comiilete manure for general use, 
in good mechanical condition, containing all the dilTerent elements in projior- 
tions. In fact, it is a well-balanced fertilizer, and the demand for it has been 
large and is growing each year.” 


“Western Brand 
“ Guaranteed Analysis 


Pkh Cunt 

Nitrogen 41 to .82 

Ammonia 1 to 1 

Available phosphoric acid 7 to 9 

Equal bone phosphate ^5 to 19 

Total phosphoric acid . . . 9 to 10 

Potash sulfate 9 to 1 

Potash (K2O) i to I 


“We put this brand on the market to satisfy a call for a low-priced fertilizer. 
By looking up the matter you will find that mo.st low-priced goods give you no 
ammonia at all, and some no potash, while we give you quite a liberal amount 
of both, which makes this brand worth more to you than any low-priced article 
on the market.” 

* This was retailed at country stations at $26 a ton. C. G. H. 
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“ York. State Special 
“Guaranteed Analysis 


Per Cent 

Nitrogen 82 to 1.65 

Ammonia ‘ i to 2 

Available phosphoric acid 8 to 10 

Total phosphoric acid 10 to 12 

Potash, actual KjO 4 to 5 


“A high-grade complete fertilizer especially prepared for general farm and 
garden purposes. A good sugar-beet fertilizer. Can be used under fruits, 
tobacco, grain, truck, and all agricultural products.” 

“Wheat, Corn, and Oat Special^ 

“Guaranteed Analysis 


Per Cent 

Nitrogen 82 to 1.65 

Ammonia i to 2 

Total phosphoric acid 9 to ii 

Available phosphoric acid 7 to 9 

Potash, actual K2O i to 2 


“ For wheat and cereals generally. Apply from 200 to 400 pounds per acre.” 
“Eagle Wheat and Corn Grower® 


Per Cent 

Ammonia 2 to 3 

Potash, actual 2 to 3 

Available phosphoric acid 8 to 10 

Total phosphoric acid 10 to 12 


“This goods meets the wants for a high-grade fertilizer for all grain crops, 
and is especially recommended for grass and clover, on account of the bone 
tankage used to make up the formula. Take no substitute for this well-known 
brand, but insist on Globe Eagle.” 

The above quotations are from varfcus fertilizer companies in 
different parts of the United States, The guaranteed analyses 
are almost invariably correct, but, of course, the guarantee applies 
only to the minimum percentage specified. The statement of 
composition is sometimes so complicated that it requires a chemist 
to understand it. For example, the author has received a com- 

^ Sold locally for $22 and at $22.50 per ton, at different points. — C. G. H. 

* Sold locally for $25 per ton. — C. G. H. 



MANUFACTURED COMMERCIAL FERTILIZERS 521 

munication from a landowner of classical education, calling atten- 
tion to the fact that a certain “guaranteed analysis ” "showed 
more than 100 per cent by adding together the percentages of all 
ingredients. This would be true of the “ Homestead"' tol)acco 
grower” if the statement included “Total phosphoric acid ” and 
“ Equal to total bone phosphate,” which arc often reported. 

The simplified statement would be as follows: 


Homestead Tobacco Grower 
Guaranteed Analysis 


Available nitrogen . 
Potassium (in sulfate) 
Available phosphorus 
Insoluble phosphorus 


3.0 60 

2.9 58 

4.2 84 

.2 .1 


The following statement shows the complete line of fertilizers sold 
by one of the large packing-house comj)anies of Chicago, and tiu' 
quotations also show a hopeful tendency toward educational effort 
on the part of some manufacturers. 

“ ’s Fertilizers 


Brands and Analyses . 

“Maximum guaranteed analyses are misleading — our guaranteed analyses 
in table below are minimum. 


Brand 

NtTPO- 

OK.V 

(N) 

Ammo- 

(-Nlb) 

PiiosPiTOHir Am 
dVb) 

I'OT^S(l 

(K,U) 

Avail:il»l( 

T'di.il 

Raw bone meal 

3-75 

4-50 


23.C0' 


Lawn fertilizer 

3-75 

4-50 


23.00' 


Bone meal and blood 

3-75 

4 oO 

— 

23.00' 


Bone meal 

2.50 

3.00 

— 

25.00' 

- . ... 

Special bone meal 

0.82 

I.OO 

— _ 

27.50' 

~ - 

Ammoniated bone 

5.00 

6.00 

— 

17,00' 

— 

Ammoniated bone and potash . . . 

4-75 

5.75 

— 

16.00' 

3.00 

Bone and potash 

2.50 

3.00 

— 

23-50' 

3-00 

Soluble bone and potash 

1.64 

2.00 

1 2.00’ I 

13.00' 

2.00 

Champion wheat and corn grower . . 

1.64 

2.00 

12.00' 

1 13-00' 

2.00 


‘ Phosphoric acid derived entirely from bone. 
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“ ’s Fertilizers— C ontinmd 

Brands and Analyses 

“ Maximum guaranteed analyses are misleading — our guaranteed analyses 
in table below are minimum. 





Phosphoric Acid 


Brand 

Nitro- 

Ammo- 

nia 

(P2OB) 

POTAKlI 

iuh 


‘(N) 

(NHs) 

Available 

Total 


^ Superphosphate 

^ Complete fertilizer 

1.64 

2.00 

8.00 

12.00 

2.00 

1.00 

1.25 

8.00 

II.OO 

1.00 

^ Sugar-beet grower 

2.50 

3.00 

8.00 

11.00 

5.00 

^ Truck grower 

.82 

1.00 

8.00 

10.00 

4.00 

^ Onion, potato, and tobacco . . - . 

1.64 

2.00 

8.00 

II.OO 

7.00 

^ Kentucky tobacco grower .... 

^ Special tobacco fertilizer .... 

^ Vegetable and tobacco grower . . . 

1.64 

2.00 

10.00 

13.00 

2.00 

2-47 ! 

3.00 

10.00 

13.00 

3.00 

2.47 

3.00 

8.00 

10.00 

10.00 

Ammoniated phosphate 

1.64 

2.00 

10.00 

II.OO 

■ 

Special phosphorus and potash ... 

— 

— 

10.00 

II.OO 

2.00 

Garden city phosphate 

— 

— 

14.00 

15.00 

— 

Diamond “S” phosphate .... 



10.00 

II.OO 



^ Insoluble phosphoric acid derived from animal bone. 


'‘Nitrogen (ammonia) in all the above brands derived from Blood and Bone. 

“ Purchasers of fertilizers should proht by the fact that the higher the guaran- 
teed fertilizer analysis, the less the cost of the plant food obtained, allowing for 
equal distances of shipment. It pays, therefore, to buy fertilizers on the basis 
of analyses and not simply by the price per ton for some certain brand. By 

making a careful comparison of our analyses when buying fertilizers, ’s 

will lead. 

“For the convenience of our customers in making comparisons of values of 
different fertilizers, we suggest the following as being approximate values : 

“ (i) Pure Bone Fertilizers. If any one of these grades is desired, the values 
for the essential compound ingredients may be limited as follows : 


Ammonia at 15 c. per lb $3.00 per unit 

Phosphoric acid at 5 c. per lb i.oo per unit 

Potash, actual, at 6 c. per lb 1.20 per unit 

Ammonia at 15 c. per lb. .‘ 3.00 per unit 


“(2) Acidulated Fertilizers, which are more comj)lex in their nature and 
manufacture, may be judged comparatively by the following: 



manufactured COxMMERCTAL fertilizi:rs 


piiosphoric acid, available, at 7 c. per lb sSi,4o per unit 

phosphoric acid, insoluble from bone, at 5 c. per lb 1 .00 per unit 

phosphoric acid, insoluble from rock, at i c. per lb 20 pc'r unit 

Potash, actual, at 6c. per lb i-2o per unit 


“Multiplying the minimum guarantees with the above valuations per unit, the 
total is the relative value per ton of 2000 pounds.” 


Of these fertilizers, the “Special Bone Meal,” containing 12 per 
cent of phosphorus, is a fair grade of steamed bone nietil. :ind the 
“Garden City Phosphate” containing 6.1 per cent of available 
phosphorus and less than ^ per cent of insolultle phosphorus 
represents the most common grade of acid pliosphalo on the mar- 
ket. At the prices given, a pound of phosphorus would cost tiboiit 
II cents imsteamed bone meal and about 16 cents in acid iihosphate. 

In some cases dififerent brands have the same composition, even 


where sold by the same company. In fact, some ol the larger 
fertilizer companies sell a dozen dilTetcnt brands of the same com- 
position, so that the total number of brands sold by all compiinu's 
is very large, amounting to about 900 in the state of Indiana and 
to more than 1800 in Georgia, which only empliasizes the tact that 
most farmers purchase fertilizers by name rather than on llte basis 
of plant food. Probably half of all the fertilizers boi.ithl by 
.American farmers have as an average the “ 2-8-.> formula, ,is 
in the “ Superphosphate ” and “ Eagle Wheat and Corn Umiver 
In some states, as in Illinois, a dcf.eieticy of i lier cent beloiv llie 
miminiim guarantee is “ not considered evidence ol fnuicliili 
intent,” but greater deficiencies subject the dealer to a severe pen- 
alty if prosecuted. (Sec Model Fertilizer Laev, ,n tite , ppemli .) 
In most states the burden of “ fertilizer inspection and coni j 
is placed upon the agricultural experiment .station, and som 
times this burden has" almost prevental the stations rom com 
ducting investigations concerning the soils of he ^ 
important lines where exact information is nee cc . 
as in Pennsylvania, Ohio, and Illinois, " 

laws is placed with the State Board of .^gricuUure and th e 
pe m nt station is left free to comiuct agricultural expenmen 
md"gations. It may be added that there is grave ou 
the agricultural investigator should 

in large part or in small part, upon the income from tonnage 
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or brand tax of commercial fertilizers sold in his state, as a source 
of revenue for the support of his department of investigation. 

Forms and Sources of Commercial Nitrogen 

Aside from the free nitrogen of the air, there are four distinct 
“ forms ” of nitrogen : (i) organic nitrogen, (2) ammonia nitrogen, 
(3) nitrate nitrogen, and (4) cyanamid nitrogen. 

Aside from farm manure and crop residues, the chief sources of 
organic nitrogen are (i) dried blood and tankage from the slaughter 
houses or stock yards, (2) cotton-seed meal from the oil refineries 
in the South, and (3) fish-scrap in the Eastern and extreme West- 
ern states. (Near the coast seaweed often becomes ,the staple 
manure. It contains about as much nitrogen and phosphorus as 
farm manure, and nearly five times as much potassium.) 

Dried blood. A good grade of dried blood contains 14 per cent 
of nitrogen, while tankage is of various grades, ranging almost 
from blood to bone. It contains much of the offal, and may include 
the undigested contents of the stomach and intestinal tract. 
One common grade is “7 and 30” tankage, meaning 7 per cent 
of ammonia (NHg) and 30 per cent of “ bone phosphate,” Ca3(P04)2, 
corresponding to 6 per cent each of nitrogen and phosphorus. A 
mixture containing about 2 parts of tankage, 3 or 4 parts of acid 
phosphate, i part of kainit, and i or 2 parts of filler will produce 
the “2-8-2 formula,” with about 2 per , cent of “insoluble 
phosphoric acid derived from animal bone.” The annual ])ro- 
duction of tankage and blood amounts to about i million tons. 

Dried peat. Train loads of dried peat are shipped from the peat 
beds of Illinois and elsewhere to the fertilizer factories for use as a 
filler; and as a filler it is said to be superior to all other materials, 
because it is a very effective absorbent and thus keeps the acidu- 
lated fertilizers in excellent mechanical condition. Dried peat con- 
tains from 3 to 4 per cent of nitrogen which may be “found” by 
analysis, although the nitrogen in peat is at best no more acti^■e 
than that in the ordinary organic matter of the soil, which usually 
amounts to 3000 to 5000 pounds per acre in the plowed soil, so 
that 50 pounds of peat in 200 pounds of “complete” fertilizer 
would not appreciably affect the crop. 
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Cotton seed. Cotton-seed meal contains about il per cent 
;ach of phosphorus and potassium. Sometimes the wlmle cotton 
;ecd, containing about 3 per cent of nitrogen, is used directly as a 
fertilizer, but as practically all of the plant food remains in the 
hulls and cake (after the oil is expressed), the meal is now largely 
used, and more profitably, of course, unless the farmer ])ays more 
for his nitrogen than he received for the same amount in seed, 
which is likely to be the case if he buys ready mixed ‘'complete” 
fertilizer. The annual production of cotton seed in the United 
States amounts to about 6 million tons. 

Fish scrap. Fish-scrap meal contains about 8 per cent of nitro- 
gen and 6 per cent of phosphorus. There arc various other sources 
of organic nitrogen, some of which, like hoof meal, furnish avail- 
able nitrogen, while others, like hair, wool waste, and horn meal, 
arc very slowly nitrified. 

Ammonium sulfate. Commercial ammonium sulfate is usually 
about 95 per cent pure, containing 20 per cent or more of nitrogen. 
It is obtained by washing coal gas through dilute sulfuric acid and 
concentrating the liquid until the ammonium sulfate crystallizes 
out. About 100,000 tons of ammonium sulfate is the present 
annual production from the gas plants and coke ovens in the 
United States, and the production is likely to largely increase, 
because most of the American coke ovens arc still wasting the 
ammonia produced. 

Sodium nitrate. Sodium nitrate of commercial grade is about 
95 per cent pure, and contains 1 5 per cent or more of nitrogen. It 
is obtained from the extensive nitrate beds of Chile, where it is 
found in very extensive deposits, thought to have resulted from 
the decomposition of seaweed in connection with sea salt. The 
impure material is leached and the nitrate secured by crystalliza- 
tion. The exportation began about 1830 and has quite steadily 
increased from 8000 tons in 1840 to about 2 million tons in 1908, 
the total exportation from 1830 to 1909 amounting to about 40 
million tons, which is about one sixth of the estimated ' amount re- 
maining in the Chilian and Peruvian beds. The export duty 

' The estimates of ten years ago placed the total supply at 81 million tons, but 
a so-called official report made in 1909 {American Fertilizer) estimates 246 million 
tons. 
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yields an annual revenue of more than $20,000,000, or about 
three fourths of the total income of the Chilian government. Alost 
of the sodium nitrate imported into the United States is used for 
the manufacture of explosives. 

Calcium nitrate. The artificial fixation of atmospheric nitrogen 
by an economic and practical method is a problem whose solution 
has been given much attention for many years; in fact, it has been 
the dream of many a chemist and a dream which has only recently 
been realized. 

Calcium nitrate is now produced to a limited extent (chiefly 
at Notodden, Norway, by the aid of cheap water power) by the 
Birkeland-Eyde process, in which a current of air is subjected to 
powerful electric action, which results in the formation of nitrogen 
tetroxid (as observed by Priestly as early as 1775), which by 
somewhat complex reaction with water and oxygen yields nitric 
acid. This is treated with lime to form calcium nitrate, which is 
obtained in crystallized form, Ca(N03)2 4H2O, containing about 
12 per cent of nitrogen. Calcium nitrate is a highly deliquescent 
substance, and must be shipped in air-tight containers. In an 
experiment at Rothamsted 10 grams of calcium nitrate (produced 
at Notodden in 1906) absorbed 20 per cent of water and became 
liquid in 3 days, and in 10 days about 50 per cent of water had 
been absorbed. 

Calcium cyanamid. Calcium cyanamid is also a product result- 
ing from the artificial fixation of atmospheric nitrogen, by a pro- 
cess recently developed by Frank and Caro of Germany. The 
primary materials used in the process are limestone, coke, and 
nitrogen gas. Calcium carbid is first produced by heating a 
mixture of burned lime and coke to a very high temperature pro- 
duced by an electric furnace: 

CaO -b 3 C = CaC2 + CO. 

The calcium carbid is finely ground and then placed in closed 
retorts and heated to the requisite temperature in an atmosphere 
of nitrogen, which reacts with the calcium carbid with the forma- 
tion of calcium cyanamid and separation of carbon : 

CaC2 “b 2 N = CaCN2 -b C. 
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The nitrogen gas is obtained from the air, either by passing 
air through a hot tube containing copper turnings, whielt remove 
the oxygen by forming copper oxid (the oxid being again reduced 
by substituting coal gas for air), or by the Linde li([uid-air ]H-ocess. 
in which advantage is taken of the difference between the boiling 
points of nitrogen (- 194° C.) and oxygen (- 184° C.), the nitro- 
gen being evaporated at the lower temperature. 

Potassium cyanid is a well-known substance with the formula 
KCN, orN=C — K, and the group or radicle, X = C— , is called 
cyanogen, somewhat as the group — NH4 is called ammonium, and 
the group — NH2 is called the amido grou]). Cyanamid contains 
the two groups, thus N = C— N=H2, and by replacing the two 
hydrogen atoms by one bivalent calcium atom, calcium cyanamid 
(^=C_N=Ca) is produced. Calcium cyanamid itself con- 
tains 35 per cent of nitrogen; and, if the product could be made 
with the one atom of free carbon as the only impurity, the nitro- 
gen would still reach 30 per cent, but about one third of the 
commercial article consists of other imi)urilies (coal ash, lime, cal- 
cium carbid, sulfid, phosphid, etc.), the nitrogen being thus ri'- 
duced to about 20 per cent. An analysis of a commercial samj)l(‘ 
gave the following results: 


Calcium cyanamid (CaCNg) 57-o I'*'!* cent 

Carbon per cent 

Lime(CaO) 21.0 per cent 

Silicon dioxid ])er cent 

Iron oxid 4-0 per cent 

Calcium sulfid, phosphid, and carbonate . . . i-5 pec cent 


When first added to the soil the commercial calcium cyanamid 
with its impurities produces an injurious effect upon young plants, 
and to avoid this it is applied a week or two before sec'ding. For 
the same reason it cannot safely be used as a top-dressing. It has 
a tendency, because of its lime content, to absorb moisture and 
carbon dioxid from the air, and for protection is usually treated 
with a small amount of heavy petroleum. ten-Rram sample 
of calcium cyanamid exposed for 1 2 days at Rothamsted increased 
30 per cent in weight, and some loss of ammonia occurred. 
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Many pot-culture and field experiments have been made with 
calcium cyanamid which show that when properly used the nitrogen 
in this form has about the same value as in ammonium sulfate. 

When heated with water under pressure, calcium cyanamid 
decomposes with the formation of calcium carbonate and ammonia, 
as indicated by the following equation: 

CaCN2 + 3 H2O = CaC03 + 2 NHg. 

For long-distance shipping the final product from the artificial 
fixation of atmospheric nitrogen is, in the opinion of the author, 
to be ammonium nitrate, made by using the ammonia thus pro- 
duced as a base for neutralizing the nitric acid obtained in the 
Birkeland-Eyde process. 

NH 3 - 1 -HN 03 = NH 4 N 03 . 

The ammonium nitrate thus formed, free from mineral im- 
purities, would contain 35 per cent of nitrogen. To produce this 
compound would require five plants: (i) for nitrogen gas, (2) 
for calcium carbid, (3) for calcium cyanamid, (4) for ammonia, and 
(5) for nitric acid. 

A publication issued June i, 1907, by the American Cyanamid 
Company, estimates that the original cost of a complete plant for 
the production of 10,000 tons per annum of calcium cyanamid 
would amount to $444,000, including: 

$155,000 for the calcium carbid plant, 

70.000 for the Linde nitrogen plant, 

145,000 for the calcium cyanamid plant, 

74.000 for expense not itemized. 

This estimate of $444,000 does not include the cost of the 
power plant, it being assumed that a separate company will be 
organized to furnish the power by utilizing a natural waterfall. 

In connection with elaborated estimates as to the actual cost of 
producing cyanamid nitrogen in such a plant, the following state- 
ments are made in this publication: 

“ Throughout all estimates of costs of operating it is assumed that power 
costs the Cyanamid Company $15 per 24-hour horse power per annum, meas- 
ured on the switchboard of the power company supplying the power. It is 
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ac^umed also that the power company and the works of the Cyanamid Com- 
pany are so close together that there will be no appreciable loss in electric 

transmission/' 

“ Thus the total estimated cost, including interest upon the estimated in- 
vestment of $444,000, is $45 per metric ton, equivalent to 22| cents per 
kilogram of nitrogen, or 10 cents per pound.” 

It should be noted that this 10 cents per pound for cyanamid 
nitrogen is the estimated cost to the manufacturers, and lliat it 
includes no allowance for transportation of the finished {iroducl 
from the factory to the farmer, no allowance for the cost of adver- 
tising and selling, and no allowance for any profit to anybody. 

It should be noted, too, that the 4 million pounds of combined 
nitrogen which such a plant could produce in one year would be 
sufficient, if none were lost in drainage waters, to meet the " grow- 
ing demands ” of the average corn croi) of the United States for 
less than 200 minutes. 

A calcium cyanamid factory is located at Niagara rails. 


Sources of Commercial Potassium 

There arc three important sources of commercial potassium: 
(I) the German mines, (2) the salts recovered from the evapora- 
tion of sea water, and (3) wood ashes. ^ 

Potassium salts of Germany. The very extensive, salt deposits 
in the region of the Harz Mountains in northern Cpmany con- 
stitute at present by far the most important somce of 
potassium. These deposits were dixovcresl l)y "y ' 

Stassfurt in 1857, and the potassium salts arc found chi y 
strata overlying the much thicker stratum of common rock sa . 
It is estimated that these German salt deposits conr an arc. . 
million acres, and that the supply of 

tain is sufficient to supply the present rate of mining for 190,000 

' Tis thought that these salt and potash bcls were fo^cd in 
ancient geologic time by the evaporation of sea water 
lakes somewhat like the Dead Sea, or Great Salt “c, e^ \ 
there was at times connection with the ocean which sup[d cd th 
salt water. Evaporation carries off water vap r and leases he 
salts in solution, but if the evaporation proceeds far enough, 
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less soluble salts, such as (i) calcium sulfate (gypsum) and (2) 
sodium chlorid (common salt), begin to separate in crystals which 
settle to the bottom; and with further evaporation of water the 
more soluble salts of potassium and magnesium finally separate 
in crystals which are deposited in strata above the principal salt 
deposits. 

After vast amounts of water had been evaporated and immense 
quantities of salts deposited, these accumulations sometimes be- 
came covered with drift material (clay etc.) several feet in thick- 
ness, and at a later period the sea water again came in and l.)y 
evaporation left a second stratum of calcium sulfate, and above it 
another immense salt deposit. 

The total thickness of these various strata is about 5000 feet 
at Stassfurt. There are many variations and irregularities, but 
in the main the lower stratum consists largely of calcium sulfate; 
next above is the sodium chlorid deposit of great depth; then a 
layer of the mineral polyhalite, composed of the sulfates of po- 
tassium, calcium, and magnesium, kieserite (magnesium sulfate), 
and finally a stratum varying from 50 to 130 feet in thickness, 
which consists largely of carnallite, a double salt of potassium and 
magnesium chlorid. 

In some places the overlying clay or earth became cracked, and 
water entered from the surface, so that more or less of the various 
salts were dissolved and redeposited in veins or pockets in com- 
pounds or forms not commonly found in the more general strata. 
Thus were formed comparatively small beds of kainit, sylvanite, and 
hartsalz. More than thirty different compounds or minerals arc 
found in these Stassfurt deposits, and at least a dozen of these 
contain more or less potassium. 

By far the most abundant source of potassium is the carnallite 
stratum, but even the pockets or beds of kainit, sylvanite, and 
hartsalz are of great importance. The following are commonly 
accepted as the formulas which represent these minerals: 

Carnallite, KCl MgClg 6H2O. 

Kainit, K2SO4 MgSO^ MgCl^ 6 H2O. 

Sylvanite, K2SO4 MgSO^ KCl MgCl2 NaCl 6H2O. 

Hartsalz, KCl MgS04 NaCl H2O. 
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There are three principal potassium fertilizers broui^hi to 
America from Germany: potassium chlorid, kainit, ami potassium 
sulfate. The commerical kainit usually consists of two thirds of 
the mineral and one third sodium chlorid, and contains about 
10 per cent of potassium. It is ground and used very generally 
for direct application. 

Potassium chlorid is obtained from carnallite, and jwtassitjm 
sulfate from kainit, by dissolving the minerals and allowing these 
salts to crystallize out at suitable tem])eratures. ComnuTcial 
potassium chlorid is usually at least 8o per cent pure, while tlu- 
sulfate has a purity of nearly 95 per cent. Each contains about 
42 to 43 percent of potassium. Potassium sulfate is also produced 
from potassium chlorid and sulfuric acid in the manufacture of 
hydrochloric acid, for which sodium chlorid was formerly used. 

Sylvanite and hartsalz (hard salt) are sometimes ground and 
applied in the crude state, but the concentrated salts may ;dso 
be derived from them by solution and recrystallization. 

Potassium-magnesium sulfate, or “ double manure salt," is 
another Stassfurt preparation which is used to some extent. It 
contains, as found in the market, about 20 per cent of potassitim. 
Its special value, like that of potassium sulfate, is for use in fer- 
tilizing those crops whose “ quality ” is injured by salts containing 
chlorin, particularly the tobacco crop. 

Wood ashes. Unleachcd \vood ashes commonly contain 5 per 
cent of the element potassium (as carbonate). 50 per cent of cal- 
cium carbonate, and .5 per cent of ])hos])horus. On most soils 
they are likely to be more valuable for the lime than for their 
potassium content; and, when applied at the rate ol a ton or 
more per acre, even the phosphorus added is more than that con- 
tained in 200 or 300 pounds of the common " complete ” commer- 
cial fertilizer. 

Potassium from sea water. Where common salt is obtained 
from the evaporation of sea water, as has been done to some extent 
on the southern coast of France, potassium is secured as a by- 
product from the concentration of the “ mother lifjuor,’’ and one 
may conceive of unlimited supplies being produced in this manner 
where the climatic conditions and other natural adcantages can 
be utilized, as on an arid coast and under a tropical sun, especially 
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where tidal power could fill extensive reservoirs and where a 
mountain stream could serve to dissolve and remove the salt 
deposit after the “ mother liquor ” is drawn off for further con- 
centration. 

It is sometimes claimed that potassium salts, especially kainit, 
have some power to prevent damage from fungous diseases and 
injurious insects, but it may be questioned whether the effect 
is direct or indirect; data already given show very conclusively 
that not only potassium salts, but also the salts of magnesium 
and sodium (usually to a smaller extent), produce marked benefit 
in many instances. In most cases, however, any influence which 
aids directly or indirectly in the proper nourishment of the plant 
will thus enable the plant itself better to resist attacks of insects 
or disease. The author has frequently observed that insect in- 
juries are much more apparent on corn grown on poor land than 
on adjoining plots treated with phosphorus in connection with 
farm manure or crop residues. 

Where the soil is markedly deficient in potassium, as compjircd 
with normal soils, as is the case with certain peaty swamp soils, 
and where the application of potassium salts on such soils produces 
marked benefit, while sodium salts produce practically no benefit 
(see Table 91), there can be no question regarding the need and 
value of potassium for its own sake; and even where the soil con- 
tains normal amounts of potassium, if enormous crops are to be 
grown that draw very heavily on potassium, as the 40 to 50 tons per 
acre of mangels on Barn field at Rothamsted (see Table 716), 
the time will come when potassium must be returned. (This, how- 
ever, is also the case with magnesium and calcium.) 

On the other hand, where the plowed soil contains sufficient 
total potassium to meet the draft upon it for, say, two thousand 
years, and where sodium or magnesium salts produce about the 
same effect as potassium salts, and where potassium produces 
little or no effect if applied in connection with liberal amounts 
of decaying organic matter, the conclusion may be safely drawn 
that the addition of commercial potassium is not essential in 
adopting systems of permanent agriculture, for even the slight 
erosion that occurs on nearly level lands will possibly provide an 
absolutely permanent supply. 



CHAPTER XXVIII 

CROP STIMULANTS AND PROTECTIVE AGENTS 

A CLEAR distinction should be made betwccen the use of plant 
food in systems of permanent agriculture and the use of cro[) 
stimulants or crop “ protectors.” Unquestionably there are con- 
ditions under which the use of some particular substance, other 
than plant food, will produce a sufficient increase in the yield of the 
crop for which it is applied to more than ])ay the cost; and, further- 
more, the use of such material may in some cases be advisable, Init 
it should be used with intelligence and full understanding of its 
effect. 

L^d-plaster. Land-plaster (native calcium sulfate) is a well- 
known crop stimulant, but it contains neither nitrogen, phos- 
phorus, potassium, nor lime. Thus it sup})lies no plant food of 
value and has no power to correct soil acidity, and its |)hysical 
effect on the soil is probably injurious rather than benelicial. 
In fact, it is the common report that the soil tends to become hard 
and more compact with the long-continued use of land-plaster; 
but whether this effect is wholly due to the wearing out of the 
organic matter, or in some part due to the cementing jiroperties of 
the calcium sulfate, cannot be stated with certainty. When de- 
hydrated, calcium sulfate becomes plaster of Paris, and it is a 
constituent of different cementing materials. 

The temporary beneficial effect of land-plaster is probably due 
to its chemical action in the soil. It may convert more or less of 
the supposedly difficultly available iron phosphate into the more 
readily available tricalcium phosphate, as indicated by the follow- 
ing equation: 

2 FeP 04 + 3 CaS 04 = Cas (P 04)2 + Fe2 (S 04 )g. 

Very possibly this or some similar reaction occurs to a limited 
extent when calcium sulfate is applied to a soil containing iron 
533 
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phosphate. Another possible reaction may result in the liberation 
of potassium or magnesium from polysilicates, as roughly indicated 
by the following equation: 

AlFeMgNaK,+2 (Si03)y (H2O), + CaS04 

= AlFeMgNaK,,Ca (Si03)y(H20),+K2S()^. 

With large supplies of potassium present in polysilicates, he:u y 
applications of calcium sulfate would doubtless liberate some 
potassium sulfate, although under the opposite conditions mass 
action would force the reverse reaction; that is, heavy appli- 
cations of potassium sulfate to a soil containing much calcium in 
polysilicates would liberate some calcium sulfate. 

The potassium sulfate liberated from the insoluble silicate, as 
indicated above, may serve directly as plant food, or it may react 
to increase the availability of phosphorus, thus: 

Cas (P04)2 + 2 K2SO4 = CaK4 (P04)2 + 2 CaS04. 

These equations are given to show some of the possible reactions 
that may occur when a soluble salt is added to the soil. A dozen 
different reactions may be taking place at the same time within 
the same cubic inch of soil, and it is easily possible that, while 
one reaction is taking place in one part of the cubic inch, the 
reaction is running in reverse order in another part, depending 
upon the mass, composition, and concentration of the insoluble 
and soluble salts. 

If a solution of ammonium sulfate or potassium chlorid is per- 
colated through a stratum of soil, an examination will usually 
show that, while ammonium or potassium passed into the soil, 
calcium and magnesium have passed out in the percolate. If 
tricalcium phosphate be shaken with pure water, practically no 
phosphorus will be found in the filtrate; but if a solution of some 
neutral salt, such as sodium chlorid or potassium nitrate, be sub- 
stituted for the pure water, very appreciable amounts of phosphorus 
are dissolved. 

Land-plaster has been much used in some parts of the North 
Central and Eastern states, and for a time it usually gives quite 
profitable results; but finally, the element of real value that has 
been liberated by the action of the land-plaster becomes so depleted 
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ihat even heavy applications of plaster fail to liberate suftieieiU 
for profitable crops, and thus the plastered land is made poorer 
than the untreated land. 

A common method of advertising has been to write the word 
Plaster with a heavy application of the material in large letters 
on a cultivated field in view of the public road. In the larger, 
(/reener growth of grain cropsor grass, the word Plaster can be naid 
bv the passers-by; and thus the landowner is induced to plaster 
his whole field. If, however, he would only apiil y ])laster year afti'r 
year where the word was first written, the time would come when 
the word could not be read; and, if he still continued the applica- 
tions, ultimately he would again be able to read Plaster, if we 
may judge from the testimony of common cx])erience. 

Common salt. Common salt (sodium chlorid) is sonuTimes 
used as a crop stimulant, but its beneficial effect is likely to be ewii 
Icssdurablethan that of land-piaster. However, where eomnwn salt 
or other soluble salts, such as sodium sulfate or ma»nesium siilfale, 
or mixtures like kainit, are applied in connection with sullieieni 
supplies of phosphorus, nitrogen, and lime, tlie effect ot the slimii 
hnt must be confined chiefly to holding the phosphorus or other 
necessary elements in available form and to liljerating pola.ssuim 
from the soil; and where the natural sup|)ly of pottissium is e.v- 
trcraely large, the beneficial effect of the applied salt may continue 
for many years, as is well shown in the results from Kothamsied. 

Kainit. Kainit, of course, also supplies some potassium, and is 
tims in some part a fertilizer, though in large pan a slimti ani. 
To some extent this is also true of the common acid 1 ' 
which contains phosphorus mainly in the form ol a h-o u > ( ac 
salt, and twice as many molecules of manufactured land-plasUu. 

Caj (POj)2 H- 2 HjSO, = CaH4(P04)., + 2 CaS( 


It is difficult to conceive of a more ei.ective ' Tk ii it 

alrout 200 pounds per acre of a mixture of acid 
applied twice for each five-year rotation of corn, 0 ts « e P k , 

anStimothy. With all crops removed, such a systen rfl - 

less as thoroughly deplete the soil as any 'At,,';!; 

clover itself, used in this way, being a eery P°" aoolication 

If anything could be added to hasten the act.on, an application 
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of five tons of farm manure about once in ten years (spread very 
uniformly, and an occasional dressing of burned lime, would make 
this system of ultimate land ruin very complete. 

A mixture of 300 pounds of acid phosphate and 100 pounds of 
kainit in five years would, with the manure system, furnish about 
5 pounds of nitrogen, 5 pounds of phosphorus, and 6 pounds of 
potassium per acre per annuBi; whereas, crops as large as we ought 
to try to produce would remove from the soil as a yearly average 
about 100 pounds of nitrogen, 20 pounds of phosphorus, and 80 
pounds of potassium (see Table 13). When crops one half as large 
are produced under such a system of fertilization, the soil under the 
action of these stimulants must furnish about nine tenths of the 
nitrogen, half of the phosphorus, and six sevenths of the potassium 
required for the crops. An invoice of his stock of fertility will help 
the landowner to plan wisely for the future, because he can thus 
know in advance what the ultimate effect must be of such systems. 

Protective agents. As protective agents we may include materi als 
which tend to ward off disease or insect enemies; and the effect 
may be produced by substances destructive to fungi or repellent 
to insects. Kainit is thought to act sometimes as a fungicide, and 
tankage is held by some to prevent attack, from certain insects. 

Any treatment which hastens the normlil growth of the plant 
usually helps the plant to resist or overcome the attack of insects 
or disease; and it is apparently true that imperfect or abnormal 
plants are more likely to suffer from such attacks than normal, 
healthy plants. It has been suggested that sucking insects prefer 
the concentrated sap of weak or somewhat withered plants to that 
of vigorous succulent plants. Doctor Forbes has suggested that 
the very dilute juice of a rapidly growing plant may constitute a 
starvation diet for healthy insects; in other words, that the 
capacity of the insect for such juice is not sufficient to furnish 
it with the amount of nutrition necessary for maintenance and 
reproduction. 

It is common observation that chinch bugs may attack and 
destroy wheat that would otherwise yield 10 or 15 bushels per acre, 
while whqat growing in the same field on land capable of producing 
30 bushels or more per acre is not attacked. The author has noted 
in several different seasons that com growing on land that will 
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yield 40 to 60 bushels per acre has been very severely injured by 
the colaspis root worm, while no apparent damage was done on 
adjoining well-fertilized plots which produced 80 to 100 busluls 
per acre, although the insects were found in both' parts of the field. 
In any or all of these ways small applications of fertilizers or stimu- 
lants may produce results in crop yields far beyond the direct 
nutrient value of the plant food applied. 

The practice is somewhat common in places of coating seed 
corn by stirring with a paddle dipped in warm tar, and to some 
extent castor oil has been used for the same puriiosc, the aiipli- 
cation being made two or three weeks before planting so that tlie 
oil coating may have time to “ dry on.” Tur]:cntinc has also been 
used, and some have advised putting powdered sulfur with tlie 
seed in the planter boxes. These of course arc solely protective 
agents, if they have any value. Their use is based ujion exiicri- 
ence, however, and not upon experiment, and thus far the practice 
seems to rest upon no better foundation than that of planting 
potatoes “ by the moon,” or “ witching ” for water, an “ art ” 
which fails to find water twice in the same place if the oporatf)r 
is blindfolded. 



CHAPTER XXIX 

CRITICAL PEltfODS IN PLANT LIFE 

In this connection we may well consider another cause of 
differences in crop yields quite out of proportion to the difference 
in soil treatment. There may be, and often are, critical periods in 
the life of plants, when some small measure of assistance may 
change prospective failure into marked success. Thus, it is not 
infrequently a question of life or death with the clover plant when 
the nurse crop is removed; and, while most of the plants may die 
at that time on untreated land, a good stand of clover may be saved 
where a very light application had been made of manure, fertilizer, 
or soil stimulant. The nutrient value of the application may not 
be sufficient for half a ton of clover, but the difference in yield may 
amount to one or two tons; and from the larger crop larger resi- 
dues are left on and in the soil, resulting in a larger crop of grain 
the following year. Thus, enormous credit may be given, which is 
not at all deserved, on the basis of total plant food concerned. 

One of the most critical periods in the life of the corn plant is 
at the time the ears are forming, and an ample supply of m®isture 
appears to be especially necessary at that time. If a severe sum- 
mer drouth is coincident with this critical period, the yield of 
grain is likely to be small; and any soil treatment which has the 
effect either of hastening or retarding the development of the plant, 
and thus of bringing the earing time either before or after the 
drouth, may very markedly affect the crop yield. 

The farmer is usually most anxious for conditions under which 
his wheat will “ fill ” well, and since this is influenced very appre- 
ciably by the temperature during this critical period, it follows that 
very marked effects upon both yield and quality may sometimes 
result from any soil treatment that causes the wheat to “ fill ” 
cither a fe\f days earlier or a few days later than on the untreated 
land. On the other hand, the treatment, whether applied as a crop 
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stiniulant or in a system of permanent soil improvement, may some- 
times be the means of bringing this critical period at the time when 
the weather conditions are most unfavorable, while the untreated 
land may mature a larger crop at the more favorable time. 

An instance has been reported of a field treated with half a ton 


per acre of raw phosphate having produced a crop of 45 bushels of 
oats free of rust, whereas only 20 bushtls of badly rusted oats were 
produced from similar seed on adjoining untreated land. 'I'wo 
influences may help to produce this difference: the added plios 
phorus tends to balance the food ration and thus to strengthen the 
oats against the fungous disease (and against lodging, as well), 
and also to hasten the maturity by which the crop escapes the rust 
which might attack the plants maturing later and perhaps under 
weather conditions more favorable for the development of the 
disease. As was stated by the author to the farmer who reported 
this experience, the marked difference in yield is not to be credited 
even largely to the phosphorus because of the plant food for its 
own sake, but rather to a combination of influences to which the 


added phosphorus proved to be the key. 

While such examples may serve temporarily as good advertise- 
ments for the treatment applied, they are just as misleading for 
wide application as are the occasional reports of damage to cnips 
produced by applying manure. All of this serves to emphasi/.e 
the importance of having some fundamental knowledge upon which 
to base definite systems of permanent agriculture. For this |)ur 
pose we must rely primarily upon the absolute facts fiirnisiK 
by chemistry and mathematics and be guided only by the resii t 
of carefully conducted and long-continued experiments. ‘ 
examples can be found in support of almost any practice or t leorv 
that can be advanced; but a mere experience, though it be repeatec , 
invariably with the same result, for fourscore times furnishes no 
proof whatever that the octogenarian will live to eelebrale anol i( 
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gen, 4 pounds of phosphorus, and 2 of potassium may be dropi^ed 
in or near the hill of com with a “ fertilizer attachment ” to the 
planter, and, under adverse conditions of soil and season, the crop 
increase may show some profit. It should be clearly understood, 
however, that all such systems of fertilizing are of themselves 
only an aid to soil depletion, because the “ good start ” thus given 
to the crop enables it to draW upon the soil itself for larger supplies 
of one or more elements of plant food than would be furnished 
by the untreated soil and the fertilizer applied. 

Quite independent of any such practices, the landowner should 
make ample provision for maintaining the fertility of the soil, 
on normal soil, by large use of phosphorus and farm manure or 
legume crops and crop residues, sufficient limestone being applied 
when necessary to prevent or correct soil acidity. Where this is 
done, however, the use of “ starters ’’ is usually unnecessary and 
unprofitable. Indeed, the dropping of a small quantity of fertilizer 
in the hill of com (or near it) is sometimes a source of damage, 
not so much because it may injure the seed or young plant, but 
because it does not encourage the normal development of the root 
system in proportion to the early growth of the plant, and as a 
consequence the crop may suffer from drouth later in the season 
much more than the unfertilized com. 



CHAPTER XXX 


FARM MANURE 

The value of farm manure is governed largely by four modify- 
ing and somewhat related factors. 

First, the composition of the materials used for feed and bedding. 

Second, the dryness, or dry-matter content, of the manure. 

Third, the preservation or stage of decomposition or waste of 
the manure. 

Fourth, the kind of animals producing the manure. 

As ageneral average a ton of fresh-mixed cattle and horse manure 
contains about 500 pounds of dry matter, 10 pounds of nitrogen, 
2 pounds of phosphorus, and 8 pounds of potassium. It would be 
produced from about 810 pounds of air-dry feed (yielding 270 
pounds of dry excrement) and 270 pounds of air-dry bedding 
(containing 230 pounds of dry matter). On this basis, four tons 
of air-dry feed and bedding (used in the proportion of 3 to i) 
would produce about 7I tons of average fresh manure containing 
25 per cent of dry matter and 75 per cent of water. 

Roughly, this represents the theoretically possible production 
of manure on the farm, if all crops grown arc used for feed and 
bedding. If the crops sold from the farm amount to one third of 
the total produced, and if one fifth of the manure made is lost be- 
fore it is applied to the land, then for every ton of air-dry produce 
harvested and removed from the land one ton of manure could be 
returned. 

If we count 85 per cent of dry matter in the air-dry feed and 
bedding, and 66| as the average digestion sufficient for the dry 
matter in the food consumed (see Table 29), and 75 per cent of 
the nitrogen and phosphorus and 90 per cent of the potassium re- 
turned in the manurial excrements, then a ration of 500 pounds of 
clover hay and 310 pounds of com, with 270 pounds of wheat 
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straw for bedding, would make a ton of manure containing ;oo 
pounds of dry matter, about 12 j pounds of nitrogen, 2 pounds of 
phosphorus, and 9J pounds of potassium. Or a ration containing 
500 pounds of timothy hay and 310 pounds of oats, with 270 pounds 
of oat straw for bedding, would make a ton of manure containing 
500 pounds of dry matter, about ii pounds of nitrogen, 1.7 pounds 
of phosphorus, and 9 pounds of potassium. Some loss of nitrogen 
is likely to occur by volatilization, and both nitrogen and potassium 
are very likely to be lost in the liquid excrement. 

For the most common rations used in live-stock farming, 10, 2, 
8 represent very approximately the average pounds of the three 
elements, nitrogen, phosphorus, and potassium, in a ton of “ aver- 
age fresh manure.” By leaching and fermentation the dry matter, 
nitrogen, and potassium are lost in approximately the same pro- 
portion, but the phosphorus is lost only about half as rapidly, so 
that one ton of average yard manure, resulting from perhaps two 
tons of fresh manure, contains about 500 pounds of dry matter, 
10 pounds of nitrogen, 3 pounds of phosphorus, and 8 pounds of 
potassium, one half of the dry matter, nitrogen, and potassium, 
and one fourth of the phosphorus having been lost. 

Wheat bran contains about 24 pounds of phosphorus per ton, 
so that, for every 100 pounds of bran used in the ration, nearly 
one pound of additional phosphorus will be found in the manure. 
This illustration and reference to the average composition of food 
stuffs will show how important the factor of food is in affecting 
the quality of manure. 

Most analyses of manure represent the product in a more or 
less decomposed state, in which case the phosphorus content is 
likely to be appreciably higher than in strictly fresh manure, and 
even manure commonly called fresh is likely to have lost some 
nitrogen and potassium in the liquid excrement. The following 
analyses include some accepted averages from the best authorities. 

While these general averages may be satisfactorily applied to 
large quantities of mixed manure, or in estimating the amounts 
of plant food in repeated applications of fresh or yard manure, 
respectively, they cannot safely be used for small single lots, unless 
the per cent of dry matter is determined and the character of the 
feed and bedding used is known. 
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Table iio. Composition of Frf.sh Maxvr 
Pounds per Ton 


Authority 

Kind of 
AIanx'RE 

Dry 

Matter 

Nitrooks ^ 

tVolff 

CoAVS 

450 

6.8 1 

S, W. Johnson .... 

Cows 

294 

7.6 j 

Cornell Station .... 

Horses 

659 

11-5 i 

Sir John Lawes .... 

Mixed 

672 

i 4 -.t 1 

\’oelcker 

Mixed 

676 

1 2.() : 

French data 

Mixed 

500 

7.8 : 


Uniform Pasis 


Wolff 

Cows 

500 

7.6 

S, W. Johnson .... 

Cows 

500 

12.7 ! 

Cornell Station .... 

Horses 

500 

8.7 1 

Sir John Lawes .... 

Mixed 

500 

10.7 1 

Voelcker 

Vlixcd 

500 

9-7 i 

French data 

Mixed 

500 

7.8 ^ 

General average 

500 

9.5 


Composition of Exposed Vakd Mant k 
Pounds per Ton 

^lass. Station Average 554 

U. S. Dept. Agr Average — 9-« 

Voelcker Average 500 

Storer Average 53^ 

German data Average' 420 n-(> 

French data Average ^ S^o lo.o 


General average 502 i i -4 

A ton of manure carrying 60 per cent of ivater conlainx twice as 
much plant food as the same manure carr} ing So ])cr cent o w a m 
This means that, with manure carrying 80 per cent of water. ly 
allowing sufficient of the water to evaporate, tie conten o < r) 
matter and plant food is doubled. Or, m case of manure containing 
85 per cent of water, it is only nccessarv^ to reduce the water 
70 per cent in order to double its percentage composition in ewery 
valuable constituent. 
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Sheep manure is commonly regarded a^a rich manure, but this 
is largely due to the fact that sheep manure is usually much dryer 
than that from other kinds of stock. Thus, the Massachuselis 
Experiment Station reports the average of four analyses of sheep 
manure, showing 28.4 pounds of nitrogen, 8 pounds of phosphorus, 
and 19.4 pounds of potassium, per ton; but this manure contained 
only 29.22 per cent of water. If the water content were increased 
to 75 per cent, which is about the average for mixed manures, then 
this sheep manure would contain only 10 pounds of nitrogen, 2.8 
pounds of phosphorus, and 7 pounds of potassium, per ton. 

By referring to the Pennsylvania experiments recorded in Table 
31, it will be seen that of the 37.68 pounds of potassium in the food 
consumed, only 5.93 pounds were recovered in the dung, and 28.38 
pounds in the urine. If these mixed excrements were exposed, and 
the urine quickly replaced by rain water, the potassium contained 
in one ton would decrease from about 8 pounds to 2 or 3 pounds. 
(See Table 1 1 2.) 

The results of 79 analyses of various farm manures, made from 
different kinds of feed and bedding, containing varying amounts 
of water, and in different conditions of preservation or exposure, 
showed a range per ton of manure as follows: Nitrogen from 4.2 
to 27.2 pounds, phosphorus from .9 to 6.5 pounds, and potassium 
from 2.2 to 23.2 pounds. 

At different places in the central West sheep are shipped in 
from the Western range and kept upon full feed for a few months. 
Several plants have been installed for drying and pulverizing the 
sheep manure thus accumulated. Because of the large proportion 
of grain and other concentrates in the rations, the manure produced 
is about twice as rich in phosphorus as ordinary manure; but 
otherwise the dried sheep manure has about the same composition 
as average fresh manure reduced to the dry basis, as will be seen 
from Tables no and in. 

The value of dried sheep manure is best determined by direct 
comparison with ordinary manure, one ton of the former being 
worth about as much as four or five tons of average fresh manure. 
Probably the Pennsylvania data reported in Table 78 furnish the 
best information the world affords as to the agricultural value of 
ordinary manure when used on ordinary soils for the production 
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Table hi. Composition of Pulverized Dried iCANUREs 
Pounds per Ton 


Kind of Manure 

Puce 

Tur\L 

Nitw). 

Dried sheep manure . . 
Dried sheep manure . . 

Elgin, Illinois (1906) 
Aurora, Illinois (1906) 

43 

Dried sheep manure . . 

Aurora, Illinois (1908) 

50 

Dried sheep manure . . 

Chicago, Illinois (1906) 

47 

__44 

Dried sheep manure . , 

Chicago, Illinois (1907) 

Dried cattle manure . . 

Chicago, Illinois (1907)^ 

40 

35 

Dried manure .... 

Chicago, Illinois (190S) j 


1 6 
iS 
iS 


() 
1 6 


20 
A I 

ru 

-’4 

’9 


of ordinary crops grown in a good rotation, and (ignrod at average 
prices for the corn belt. These data give the manure a value of 
S1.65 per ton where 12 tons per acre are used, $1.32 where 16 tons 
are applied, and $1.14 where 20 tons are-applied, for each four-year 
rotation, corresponding to annual applications of 3, 4, and 5 tons 
per acre, respectively. Since the lightest application appeiirs to 
maintain the (moderate) productive power of the land for the 
second 12-year period as compared with the average of the first 
12 years, it seems that $1.65 per ton may be regarded as the full 
agricultural value of the manure for use in permanent systems. 

Of course the manure might be worth less on better land and 
more on poorer land; and with different crops (as cotton, fruit, 
potatoes, etc.) or with different prices, its value would he 
ditferent. 

If we refer our comparison to the unfertilized land during the 1 2- 
year periods, the 12 tons of manure were worth Sr. 14 a ton during 
the first 12 years and $2. 14 a ton as an average of the second period, 
and during a third 12-year period the value will no doubt be still 
greater, measured against the still further depleted, untreated land. 
In the Ohio experiments, wdth the five-year rotation {'ruble 82) 

8 tons of manure were worth S2.18 a ton and 16 tons were worth 
81.69 a ton; while in the three-year rotation the 8 tons of manure 
applied for potatoes were worth $3.63 per ton, with potatoes at 
50 cents a bushel. 

In the potato experiments on Hoos field at Rothamsted, 94.2 
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tons of manure, applied at the annual rata of 15.7 tons per acre for 
six years (1876 to 1881), produced 1326 bushels’ increase in liie 
potatoes during the 26 years (1876 to 1901), which at 50 cents a 
bushel would give the manure a value of $7.04 per ton. Here the 
plant food applied in the 94.2 tons of manure was from two to four 
times that removed from the soil in the 1326 bushels’ increase in 
potatoes, and the subsequent yields of barley show that the manure 
still produces, some residual effect. However, the large amount 
applied during the six years is equivalent to 3 tons of manure per 
acre per annum for more than 30 years. 

When measured by crop yields, the value of a ton of manure 
increases with the size of the area over which it is spread, but the 
yield and profit per acre usually increases with the amount of 
manure applied. Hence, with much land and little manure, light 
applications are most profitable; while with less land and much 
manure available, heavy applications bring the greatest profit. 
It should be remembered, too, that manure may act as a power- 
ful soil stimulant, when light, infrequent applications are made on 
good land, from which more plant food is removed in crops than is 
applied in the manure. 

In an experiment conducted at Cornell University, 4000 pounds 
of ordinary manure from the horse stable, worth $2.74 per ton for 
the plant food content (at commercial prices) were exposed in a 
pile out of doors from April 25 to September 22, but at the end of 
that time the total weight had decreased to 1770 pounds, worth only 
$2.34 per ton. In other words, the value of this pile of manure was 
reduced from $5.48 to $2.03 during five months’ exposure. In 
another Cornell experiment, manure exposed for six months lost 
56 per cent of its dry matter and 43 per cent of its plant-food value. 
In this case the fresh manure was worth $2.27 a ton, while the 
rotted manure was worth $3.01 a ton (at commercial prices for 
plant food), but the total loss in weight and plant food was such 
that for each ton originally worth $2.27 there remained only $1.30 
worth after six months’ exposure. 

The Ohio Agricultural Experiment Station placed five lots of 
manure, of 1000 pounds each, in flat piles in the barnyard. Four 
of these lots of manure had been treated with materials, as indicated 
in Table 112, at the rate of 40 pounds per ton of manure. The 
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manure was sampled for analysis when put out in January and 
again when taken up in April : 


T\BLE II2. Composition of Steer Manure before and after I'afosere 
FOR Three Months (Pounds por Ton) 


— 

Nitrogen j 

Or- 

rilOSTlIOlUS ' 

Eoiassum 

Treatment Time 

GA.MC 1 

Matter q, , , WatiT- 
soluble 1 

Total : 

Water- ! 

; S',: 

Raw phosphate January 

349.00 10.70 4.28 

8.60 

1.52 ; 

7. 38 ; 6.5S 

April 

310.74 746 106 


1.32 , 

.3.52 ! . 3-47 

% loss 

10.96 30.28 75.23 

n.07 

13.10 : 

5 2.. 3^: 47.26 

Acid phosphate January 

357.80 9.86 3.04 

5.70 

2.28; 

6.88 1 0.88 

April 

269.89 7.18 .84 

4.79 

r.51 

2.()0 1 2.51 

% loss 

24.57 27.18 72.36 

15.06 

Jt 77 

5O.5.1 ! 63.51 

Kainit . . . I January I369.00 1 9.76 S-M 

2.88 

i.U) 

10.70 1 lO.OO 

April 

291.50 6.68 .31 

2.48 

1-31 

Vo 

4.0S 1 4.()0 

% loss 

21.00 31.56 90.12 

13.89 

3. 68 1 

53 ..y) lj 53..(7 

Gypsum . . [anuary 

375.40 9.68 2.12 

2.76 


7.80 ! 7.8(1 

April 

267.35 7-94 146 

2.66 

- 7 .'' 

2.5O 

% loss 

28.78 17.97 31.13 

3.63 

3.85 

O7..12 ; 08.32 

None . . . January 

416.00 10.30 3.36 

.>■24 

1.66 

8,1,1 1 8.14 

April 

254.79 7.18 1.14 

2.47 

1.20 

! 3.35 ; 2.84 

% loss 

38.75 50.29 66.07 

23.76 


1 58.8.1 ' (15. 1 1 

Average per cent loss . 

24.81 27.46 66.98 

ppkr 

I 15.70 

i 

57 - 7 ' : 50 - 53 

1 ' 


The results show that practically all of the iiolassium is water- 
soluble, and that more than half of this and two thirds of tlie water-^ 
soluble nitrogen was lost during three months’ exjxi^iire to t n 
weather of winter and early spring at Wooster, Ohio Oypsum 
markedly reduced the solubility of both nitrogen and phosphorus. 

Manure should either be hauled to the field and spread as soon as 
possible after it is produced, or it shoukl be allowed to accumulate 
in the stalls or covered sheds in compact ami moist com it ion, su^ 
ficient bedding being used to keep the animals c can (am iis is 
a more sanitary practice for a well-ventilatei ( airy larn la 
stir up the manure daily to clean the stable), am t icn ‘ 

applied at convenient intervals. In no case siou | 
to heat and ferment before being spread on the land, if fu 
value is to be secured. 
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Manure may be applied on pastures at almost any time of year 
with marked benefit to the grass and with additional benefit after 
being plowed under for succeeding crops. It may be applied for 
corn either before or after the ground is plowed, although very 
coarse manure applied after plowing may interfere with culti\ a- 
tion. Used as a top dressing for winter wheat, even very coarse 
manure gives good results if uniformly distributed. 

Coarse manure or heavy applications of fresh manure plowed 
under late in the spring are likely to give unsatisfactory results 
in a dry season, in part because the layer of manure tends to inter- 
fere with the capillary connection of the soil and subsoil and retards 
upward movement of the soil moisture in dry weather. Thorough 
disking just before plowing will help to avoid this trouble, whether 
farm manure or green manure (as a heavy growth of clover) is 
to be plowed under. 

In the author’s opinion, the crop rotation in live-stock farming 
should be so planned that there is always a place to haul and 
spread manure, and so that every cultivated field is covered with 
manure at least once during each rotation, the manure being 
spread lightly or heavily in accordance with the annual supply 
and the size of the field to be covered; and, if necessary, in order 
to maintain the humus and nitrogen content of the soil, the farm 
manure should be supplemented by plowing under clover or other 
legumes, keeping in mind that one ton of clover hay plowed under 
is equivalent to four tons of average fresh manure, and that many 
can grow clover who cannot produce sufficient manure. 



CHAPTER XXXI 

LOSSES OF PLANT FOOD FROM PLANTS 

To determine the amounts of the different elements re{]uiriHl 
for the production of crops, analyses have commonly ])ei‘n 
made of the mature plants, but there is much evidence that the 
results thus secured may not always represent the full amounts 
])Ositively required for the growth of the crop produced. 'I'he 
ultimate purpose of every plant (if we may so speak) is re])ro- 
duction; and in the main it is the function of the leaves and stem 
to contribute toward the formation of seed. The fixation of caiiion, 
oxygen, and hydrogen occurs only in the leaves or other green 
parts of the plants, and the carbohydrates thus formed by photo- 
synthesis, as well as the proteids, arc in considerable part trans- 
ported to, and stored in, the seed. The leaf is well called the 
laboratory of the plant, but in the workshoj) or factory certain 
tools are necessary, including potassium, magnesium, calcium, and 
iron, besides the nitrogen, phosphorus, and sulfur which are formed 
into living tissue in connection with the carbon, oxygen, and 
hydrogen. But these four elements (potassium, magnesium, cal 
cium, and iron), which we may perhaps call work tools rather than 
structural materials, are in large part discarded after some usc‘, ami 
they are found deposited to some extent in the ohl leaves which 
may become dead or inactive before the growth of the plant is 
complete and while growth is still very active in the newer leaves 
and other younger parts of the plant. 

As the older leaves become inactive, more or less of the plant 
food which they contained and rcquirerl for their own grf)wlh is 
translocated to the newer leaves, but very considerable amounts 
may be removed by leaching and thus returned to the .soil by an 
external route. As the plant approaches maturity, ajjpreciable 
amounts of plant food are thus removed by being washed or leached 
549 
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from the leaves by rain water. It is not only possible, but even 
probable, that under some conditions the same plant food may he 
used twice by the same plant; that is, it may serve an essentia] 
need in the growth of the first leaves, then be leached out and car- 
ried back into the soil, and finally be reabsorbed through the roots 
and serve the plant again in the newer leaves. While this double 
use is probably insignificant, the point of special importance is 
that the analysis of the mature plant may not find all of the plant 
food which has been absolutely essential for the growth of the 
plant, as will be seen from the tabular statements. 

Many years ago the Rothamsted Experiment Station harvested 
a bean crop from different parts of a uniform field at six different 
stages of growth or development, from May 26 to September 8, 
and for each period the crop harvested was weighed and analyzed, 
with the results indicated; 


Table 113. Composition of the Bean Crop at Different Periods of 
Growth (Rothamsted Investigations) 

Pounds per Acre 


Date oe Harvest .... 

May 26 

JU.N-E 17 

July 8 

July 27 

Aug. 30 

Sept, 8 

Condition of Plants .... 

Before 

Blooming 

In Bloom 

Bloom off 
at Bottom 
hut still 
on at Top 

In Pod 

Green 
Pod be- 
ginning 
to Turn 

Seed 

fairly 

Ripe 

Dry matter .... 

294.0 

0 

6 

2481.0 

4245.0 

4192.0 

4500.0 

Nitrogen 

13-1 

31.2 

72.2 

II4.2 

II9.9 

129.6 

Phosphorus .... 

1.2 

31 

6.9 

9-5 

II . 2 

II . 7 

Potassium 

9-3 

24.2 

50.7 

66.4 

57-1 

56.0 

Magnesium .... 

.6 

1.6 

3-8 

5-5 

4.8 

5-2 

Calcium 

4.1 

10.9 

27.6 

45-9 

35-6 

31-1 

Sulfur 

•3 

1. 1 

2.1 

3-3 

3-1 

3-4 

Sodium 

1. 1 

3-4 

6.5 

6.4 

5.2 

7-4 

Chlorin 

1.6 

3-2 

6.1 

7.6 

6.1 

6.5 

Total ash 

33-0 

88.4 

196.3 

281.9 

230.2 

223.1 


It will be noted that the dry matter, nitrogen, phosphorus, and 
sulfur all continue to increase until the full maturity of the plant, 
the slight apparent decrease for dry matter and sulfur in the crop 



LOSSES OF PLANT FOOD FROM PLANTS 551 

of August 30 probably being due to variation in yield of the plot, 
harvested. Concerning this investigation, Lawes and Gilbert 
made the following statements: 

‘'It might be supposed that there was some error in these estimates of the 
amounts of the crop and of its constituents over a given area, and they id 
niittedly involve some difficulty and uncertainty; as, for example, the possi- 
bility of loss by fallen leaves, etc. But the fact that the idiosi)horic acid which 
would probably for the most part exist in a less soluble and less miiralory 
condition, is shown by the figures to increase gradually in amount per acre froin 
the first period to the last, tends to confirm the contrary results relating to the 
lime and potash; and, assuming them to be correct, the supposition is" that a 
quantity of surplus lime and potash had been accumulated in, or excreted by 
the roots.” ' ’ 

There is no evidence to substantiate the “supposition” that 
potassium and calcium arc excreted by the root.s or that they 
tend to leave the tops and accumulate in the roots, but there is now 
complete proof of loss by leaching. 

While these results obtained by Lawes and Gilbert many years 
ago show losses only of elements which are not constituent parts 
of the living tissue or structure of the plant, it should be kept in 
mind that phosphorus may have been the limiting element, and 
that the bean plant probably took up through its symbiotic rela- 
tionship with the nitrogen-fixing bacteria no more nitrogen than 
was needed for the normal growth of the ])lani; also that where 
an excess of available nitrogen or phosphorus is furnished by the 
soil, any growing plant may take up and tolerate more than it can 
use in tissue building (because of some other limiting factor) and 
that such excess of any clement beyond the needs of the plant 
may perhaps be removed in the process of leaching by rains. 

An investigation by Wilfarth, Romer, and Wimmer was reported 
in 1905 {Landwirtschaftlichen Versiichs-Stalionen), in which bar- 
ley, wheat, and potatoes were harvested at different periods of 
growth and both the tops and roots were analyzed. The results 
for barley are shown in Table 1 14. 

From these experiments it will be seen that the dry matter and 
Jihosphorus reached their maxima in the third harvest and declined 
but slightly thereafter; whereas the largest amounts of nitrogen and 
potassium were found at the time of the second harvest (June 17) 
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Table 114. Composition of Barley at Different Periods of Growth; 
Kilograms per Hectar ^ (roughly, Pounds per Acre) 
(Wilfarth, Romer, and Wimmer) 


Harvest 


Grain 

i 

Total 

Crop 


Roots 

Total 

Plant 

Relative 

Amounts 

No. 

Date 



Stubble 

Total 

Crop 

i Toiui 
Plain 

Dry Matter 

1 

May 29 

2025 



2025 

450 

799 

2824 

23 

29 

2 

June 17 

5167 1 

337 

5510 

322 

1367 

6871 

63 1 


3 

July 3 

69S6 

1773 

8760 

250 

759 

9518 

99 

100 

4 

July 27 

5695 

3108 

8810 

HI 

476 

9279 

100 

97 


Nitrogen 


I 

May 29 

48.1 



48.1 j 

5-9 

9.2 

57-3 

71 

66 

2 

June 17 

60.1 

7-4 

67-5 

3-6 

19.0 

86.5 

100 

100 

3 

July 3 ; 

40.0 

26.6 

66.6 

2.2 

4.6 

71.2 

99 

82 

4 

July 27 1 

17.1 

44.1 

61.2 

1. 1 

3-2 

64.4 ' 

91 

75 


Phosphorus 


I 

May 29 

7-5 



7-5 

.8 

1.8 

9-3 

42 

T) 

2 

June 17 

12.7 

1-5 

14.2 

•7 

3-7 

17.9 

81 

94 

3 

July 3 

10.8 

7.0 

17.8 

•4 

1.4 

19.2 

100 

100 

4 

July 27 

4.2 

13.0 

17.2 


.6 

17.8 

97 

95 


Potassium 


I 

May 29 

58.9 

— 

59-1 

2-3 

1 

9.6 

20.7 

61 

1^0 

2 

June 17 

92.0 

4-9 

96.9 1 

2.3 

21.8 

118.7 

100 


3 

July 3 

79-3 

14.1 

93-4 

1-3 

6.6 

100.0 

96 

84 

4 

July 27 

54-9 

19.1 

74.0 

•4 

3-1 

77-1 ’ 

76 

6,- 


^ The hcctar contains 10,000 square meters (the meter being 39.37 inchesh 
or 2.471 acres, and the kilogram contains 2.2046 pounds; so that i pound per acre 
is equivalent to 1.12 kilograms per hectar. Thus, for practical accuracy, deduct 
one tenth to convert kilograms per hectar to pounds per acre. 

and afterward decreased to 75 and ‘65 per cent, respectively, 
of the maxima. It is noteworthy that the barley crop, which 
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finally yielded four tons of dry matter per acre, contained 87 
pounds of potassium on June 17, but only 66.6 pounds at maturity. 
The total plant, including the roots and stubble, contained 106.8 
pounds per acre of potassium on June 17, but only 69.4 |)oiinds at 
maturity (July 27). 

Wilfarth, Romer and Wimmer’s investigations with spring 
wheat showed the following results: 


Relative Amounts of Plant Food in Wheat Crops 



Harvest 

Dry Matter 

Nitrogen- 

Phosphokcs 

Pota: 

SSIFM 


Date 

Total 

Total 

Total 

T olal 

Total 

Total j 
Plant 

'Polal 



Crop 

Plant 

Crop 

Plant 

Croj) 

Crop 

Plant 

I 

June 22 

25 ! 

28 

70 

70 

43 

i 

i 46 ! 

70 

72 

2 

July 14 

69 

74 

75 

76 1 

72 

75 

TOO 

too 

3 

Aug. 5 

95 

97 ! 

100 

100 

98 

100 

99 

99 

4 

Aug 28 

100 

100 

82 

81 

100 

99 

59 

59 


In the case of potatoes, the tops at maturity contained only 24 
per cent of the maximum dry matter, the corresjionding percent- 
ages being 43 for nitrogen, 39 for phosphorus, and 13 for potas- 
sium; but in the tubers the maxima for all constituents were 
found at maturity. 

After discussing different suggestions, Wilfarth, Romer, and 
Wimmer state that the only possible assumjition for the loss of ])o- 
tassium from the barley plants is that it returns to the soil through 
the roots ("durch die Wurzeln in den Boden zuriickzuwandern”). 

In a letter dated March 13, 1908, the author expressed the 
following opinion to his colleague, Professor J. H. Pettit, then 
at the University of Gottingen : 

“I do not believe the return is by the internal route through the stem ami 
root, but by leaching, even before the plants are sufiiciently mature to harvest.” ' 

‘This opinion was based largely upon c.xpericncc"in the preparation of phar- 
inaceutical infusions and upon field observations, as where corn on jjcaly swamp 
land shows markedly the effect of potassium Icachcd from an oat shock which 
stood through one or two heavy rains the previous season. In the letter to Professor 
I’cttit mentioned above, a complete outline was given for a laboratory and pot- 
culture experiment to secure more exact data upon the problem, but subsequently 
rtmorted investigations render this unnecessary. 
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In October, 1908, Max Wagner reported ^ a similar very ex- 
tended investigation with barley, oats, mustard, and buckwheat, 
with various systems of fertilizing. With the barley and oats 
more or less loss of plant food occurred before the crops reached 
maturity, but in most cases phosphorus proved an exception to 
the rule wherever the crops were grown without the addition of 
a phosphorus fertilizer. 

After suggesting and rejecting the possibility of explaining the 
loss of plant food (a) by loss of leaves or roots in harvesting the 
plants, {b) by the decay of root parts, and (c) by volatilization 
(except for nitrogen), Wagner concludes that the only possible ex- 
planation is “that during the ripening processes of the plant, a part 
of the nutrient materials passes into the roots and from the roots 
out into the soil.” (“Fur Kali und Phosphorsaure, die ja durch 
Veratmung nicht verloren gehen konnen bleibt nur dieMoglichkcit 
iibrig, dass ein Toil dicser Nahrstoffe wahrend des Reifeprozesses 
der Pflanzen in die Wurzel zuriickgewandert und aus den Wurzeln 
zuruck in den Kulturboden getreten ist.”) 

In studying the composition of solutions used for spraying, 
Le Clerc and Breazeale of the United States Bureau of Plant 
Industry found material in the liquid other than that put in the 
prepared solution, and upon further investigation they deter- 
mined with certainty that relatively large quantities of essential 
plant-food elements may be removed from growing plants by 
spraying with pure water, by a process similar to the action of 
falling rain. 

On November 18, 1908, a summary of these experiments was 
presented to the Washington meeting of the American Society of 
Agronomy, by Doctor Le Clerc. By collecting and analyzing the 
water used for spraying the plants and analyzing the fully mature 
plants, ‘it was found that of the total amounts contained in the 
plants, the following percentages were leached out by pure water 
(according to the author’s unverified notes, taken during Doctor 
Le Clerc’s lecture) : 

In these experiments nitrogen appears to have been the limiting 
element in plant growth, since practically all that was taken u]^ 
of that element was evidently required in the plant structure, 

' Die Landwirtscha/tlichen Versuchs-Stationen (1908) 6q, 161-233. 
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Table 115. Plant Food removed from Plants by leaching with Water 
Percentage of Total 


Pla.nts Leached 

•Ni- 

PlKTS- 

rno' 

I’o- 

\h>, 


GEN 

RUS 

SITM 

VM 

Wheat, in early bloom 

Wheat, fairly ripe . . 

Wheat, dead ripe .... 

Oats, from 8 inches in height to ripeness; 
total removed by repeated leaching . 

1 

7 

25 

2 

0 

21 

4 

65 

10 

46 

58 

4> 

Potato vines .... 

7 

.'iO 

so] 

'-’1 


and could not be removed by leaching, except in the case of the 
dead-ripe wheat; while phosphorus as well as the other elements 
was apparently taken up in excess of the absolute needs of the 
plants and in part tolerated until removed by leaching, d'liis is 
the most probable explanation for the dilTcrcnce in results from 
these experiments and those reported by Wilfarth, Rdmer, and 
Wimmer; and the author has taken the liberty of suggesting to 
LeClerc and Breazeale that by extending these investigations in 
connection with fertilizer experiments, results of great scieiit ilk- 
value and of far-reaching practical imi)ortance will probably be 
secured in relation to the absolute requirements of plants for the 
different elements essential to plant growth. It has long been 
.recognized that the analysis of the ])lant or of the plant ash was 
not a sufficient guide for use in planning systems of fertilization; 
but, for certain of the elements, the analysis of the thoroughly 
leached plant at the proper stage of growth may give more satis- 
factory information; and, because of its very general cliaractcr, 
it seems especially appropriate that it should be continued by 
the federal government, while local problems, such as county soil 
surveys, are perhaps better managed by the state institutions. 

The fact that phosphorus is most frequently the limiting clement 
in plant growth or crop yield on most normal .soils, especially for 
legume crops, suggests that the averages commonly accented for 
the composition of crops probably represent the minimum amounts 
of phosphorus, as a rule. 



CHAPTER XXXII 

LOSSES OF PLANT FOOD FROM SOILS 

There are four ways in which plant food may be lost or re- 
moved from the soil: (i) by removal in crops as already explained, 
(2) by leaching after solution in the rain water or soil water, (3) by 
mechanical erosion, either by surface washing or by wind action, 
and (4) by volatilization, a factor of minor importance, represented 
chiefly by the slight loss of nitrogen in ammonia or by denitri- 
fication, a process which may occur to a limited extent under some- 
what abnormal conditions. 

Loss of plant food from soils by the process of leaching is a matter 
of very great consequence, chiefly because large amounts of nitrogen 
may thus be lost every year in humid sections. Even under the 
best systems of farming more or less nitrogen is likely to pass off 
in drainage waters. The annual loss of lime by leaching is large 
(see Tables 27 and 28), and when long periods of time are con- 
sidered, the amounts of phosphorus, potassium, and other elements 
removed from the soil by leaching (see Table 74) become very 
significant. 

The only practical method of preventing or reducing the loss by 
leaching is by the^use of growing plants, the roots of which may 
absorb the plant food about as rapidly as it is made soluble. If 
desired, it may be then returned to the soil in the form of organic 
matter, afterward to become available when required to meet the 
needs of regular crops. The use of rye or rape as a green manure, 
by seeding in the fall and plowing under the next spring on land that 
would otherwise lie bare during the fall, winter, and early spring, 
is often profitable, in part because of the conservation of plant 
food that would otherwise be lost by leaching. This fact and 
principle is well illustrated by the following data from that great 
source of positive agricultural information, the Rothamsted Ex- 
periment Station. 
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Xable ii6. Nitrogen in Drainage Waters: Rothamsted Experiments 
Average of 12 Years (or More) 


Month 


Bare Soil, 6o-1ncii Gavoe i 

Will AT 
l.AM). 

Nukookn 
(IVr .Mil- 

Water) 

Rainfali- 

(Inclics) 

Drainage 

(Inches) 

Nitrogen 
Per Million 
of Water) 

Nitrogen 
(Poutuls 
per .-Vere) 

January 

2.13 

1-93 

8.9 

3.88 

3-1 

February 

2.16 

1.74 

9.1 

3-57 

4.0 

March 

1.70 

.94 

8.9 

1.89 

2.0 

April 

2.25 

•79 

9.0 

T.6t 

_J- 9 _ 

May 

2.48 

•79 

9.1 

1.03 

1.60 

•9 

June 

July 

August 

2-59 

.78 

9.1 

.1 

2.85 

2.6() 

.62 

.76 

II.8 

1.66 

2. 28 

.1 

Sc-ptember 

2.70 

.82 

134 

2.50 

3-9 

A f \ 

October 

3.12 

1.68 

11.9 

4 • 5 

4.0 

November 

3.20 

2.32 

IT. 4 

5 -^ 1 ^ 

3 

December 


1.88 

10.6 

. _.‘b 5 ' 


Jiinuary-April .... 

May-August 

Scptember-December . . 

8.24 

10.61 

11.36 

5-40 

2-95 

6.70 

9.0 

10.6 

11.8 

10.95 

7->7 

17.52 

35-^4 

2.8 

•3 

4.2 

2-1 

January-December . . . 

30.21 

15-05 

10.5 


While the drainage water from the bare imcroiiped soil of the 
drain gauge contained 11.4 parts of nitrogen per million during the 
summer months (June to August), the drainage water rom tic 
.land on which wheat was growing (Broadbalk plots 3 and 4) con- 
tained only .1 pound of nitrogen per million pounds of water as 
an average of the three months. After the wheat harvest, the loss 
of nitrogen in the field drains quickly rises to about 4 pounds i)er 
million. In loss per acre the differences are much greater, because 
during the growing season the quantity of drainage from the idd 
is probably even less than that from the drainage gauge, 
data from the gauge show two to three times as much drainag 

during the other months. 

In Table 117 are recorded the amounts of watc-r-soluble nitrogen 

found in thesoilandsubsoilofHoos field, where theshalow-^ 

white clover {Trifolium repots) had been grown for seven years and 
where tL vetchind the deep-rooting alfalfa had been grown for 
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six years, also of Agdell field after the wheat crop had been har- 
vested, in the legume system and the fallow system, for which the 
yields are recorded in Table 57. 

Table 117. Soluble Nitrogen in Cropped Soils receiving no Nitrogen 
Fertilizer since 1849 (Pounds per Acre) 


Depth 

IIoos Field 

Agdell Field 

White 

Clover 

Land, 

July, 

1 88s 

Alfalfa 

Land, 

July, 

1885 

Vetch 

Land, 

July, 

1883 

Wheat 

After 
Clover, 
Fall, 1883 

Land 

After 
Fallow, 
Fall, 1883 

First 9 inches 

II -5 

8.9 

10.2 

6.1 

3'4 

Second 9 inches .... 

1.4 

1. 1 

2.7 

4.4 

2.1 

Third 9 inches .... 

•9 

.8 

1. 1 

1.6 

.8 

Fourth 9 inches .... 

1-9 

.8 

1-5 

1-3 

I.O 

Fifth 9 inches 

71 

I.O 

2-5 

1-5 

.8 

Sixth 9 inches 

II -3 

•9 

4.4 

.8 

.6 

Seventh 9 inches .... 

131 

.6 

4-5 

2.2 

.8 

Eighth 9 inches .... 

12.6 

.8 

4.9 

1-7 

•9 

Ninth 9 inches .... 

II. 2 

•7 

4.8 

2.4 

•7 

Tenth 9 inches .... 

10.7 

.6 

5-1 

2.1 

2.0 

Eleventh 9 inches . . . 

II. I 

•4 

6.4 

2.1 

1-5 

Twelfth 9 inches .... 

lO.O 

•4 

6-5 

2.8 

3-8 

0-9 inches 

II5 

8.9 

10.2 

6.1 

3-4 

9-36 inches 

4.2 

2.7 

S -3 

7-3 

3-9 

3-9 feet 

87.1 

5-4 

39-1 

15.6 

II. I 


The crops of white clover were too small to cut in 1880, 1883, and 
1884, and in other years only a single cutting was harvested. 
Thus most of the rather small amount of produce was left to decay 
upon the white clover plot. Evidently 87.1 pounds of nitrate 
nitrogen has escaped beyond the reach of the white clover roots, 
while almost no soluble nitrogen (5.4 pounds) was found in the 
same stratum (3 to 9 feet) under alfalfa. The root system of vetch 
is perhaps even less extensive than that of white clover (see Table 
36), but the annual decay of the roots possibly gives it the inter- 
mediate position in loss of nitrogen as indicated, although a different 
season may perhaps have given quite different results. The data 
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from Agdell field indicate that only small amounts of nitrogen 
escape from the wheat plant under the conditions, those results 
being in harmony with those reported in Table ii6. 

On the University of Illinois experiment field at Urbana are 
two adjoining plots, one of which (No. 3) grew corn for lO years, 
while the other (No. 105) was kept in pasture. In 1901 plot 3 eon 
tained 4000 pounds of nitrogen and plot 105 contained .|gi 4 
pounds in 2 million of surface soil, a loss of about one fifth of the 
total being thus indicated. _ 

Professor Shutt reports the nitrogen content of virgin soil and 
adjoining cuItivattKi soil from the Northwest Territory oi Canada. 

He says; 

“Regarding the cultivated soil, we possess a complete and authentic rt-eortl 
of the cropping and fallowing since the prairie was hrst Itntken, 22 years agjc 
It has borne 6 crops of wheat, 4 of barley, and 3 of oats, with hill.-us (.) .1 ) 

’""'“Mh^sltples were of a composite character and every precaution ti.ken 
to have them thoroughly representative. It may, further, be adde .1 tlval the, e 
e,ei( reSZuppoL that the soil over the whole .area esannno was on«, 
o^f an extremely uniform nature; in other words, tlwt al the outstt tli m 
:i"«s practically the sante for lire .ils now *,,0*1 as vrryo, 
and cultivated, respectively.” 

Nitrogen, Pounds per Acre 
Virgin soil, to depth of 8 inches 

Cultivated soil, to depth of 8 inches . • • • • • • • • : 

Difference or loss due to cropping and cultural operation . . 

“The results show that the cultivated soil is J l',nciicallv, of 

pared with .he un.ouch^pr.mei.,b^..havcd 

its nitrogen. This is highly ^ , j,, „f pertain enriching crop-s 

turned, either as manure or by he K,.,.,., 

or fertility will inevitably decline. (Dominion i 
for 1905, page 128.) 

Shutt reports 3780 and 3^ 

and cultivated soils, respecti\e y, nitrogen from 

Islands, Quebec; al» 3.^;"^ To:! . Nr^unswick. 
virgin and ^ “st ™ kiiluble phosphorus arc arfo and 
and lor.heNew Bruns- 
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wick soils. The New Brunswick soils are said to be representative 
of the district. In commenting upon the analytical data, Professor 
Shutt says : 

“Since we must suppose, from the information furnished, that the culti- 
vated soil was originally identical, or practically so, with the virgin soil, it is 
evident that great exhaustion of fertility has taken place, due, no doubt, to suc- 
cessive cropping without any adequate return of plant food.” (Report for 
1899, page 133.) 

It is certain that on sloping lands a very considerable part of the 
total loss of humus, nitrogen, and phosphorus is due to soil erosion, 
although this is the minor factor on nearly level lands. It should be 
kept in mind that in respect to loss of humus, and of the plant food 
contained in humus, sheet washing on uniform slopes may be even 
more effective than gullying, and that it is extremely important and 
necessary to prevent or at least to reduce to the minimum both 
forms of erosion, the sheet washing by means of cover crops, deep 
contour plowing, contour ridging, or terracing, if necessary, and 
the gullying by frequent dams and by keeping the draws in per- 
manent meadow. 

President Van Hise makes the following statements regarding 
the loss of phosphorus from Wisconsin soils, as determined by 
“ quantitative studies ” : 

“Whitson finds as the result of an average of nine typical tests that ‘the sur- 
face 8 inches of virgin soil contains 1256 pounds of phosphorus per acre, while 
that of the cropped fields contains but 792 pounds, an average loss per acre on 
these cropped fields of 464 pounds, or 36 per cent of its original content. The 
average of cropping for these fields has been 54. 7 years.’ In other words, during 
the past half century in Wisconsin one third of the original phosphorus of tlie 
soil has been lost in the cropped fields. What has been proved for Ohio, 
Illinois, and Wisconsin and other states where tests have been made is unques- 
tionably true for the other states in the country which have been settled for 
some time. 

“In what conditions will the soil of the United States be as to phosphorus 
content fifty years hence if this process of depletion be allowed to continue un- 
checked? ” (See page 221 of “Conservation of Natural Resources,” published 
by the American Academy of Political and Social Science, Philadelphia, 1909 ) 

It may be noted that a loss of 464 pounds of phosphorus in 55 
years is only 8 ^ pounds per annum; and, if we deduct i J pounds 
for loss in drainage (see Table 74), the loss by cropping does not 
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exceed 7 pounds per acre, an amount sufBcicnt only for a ^o- 
bushel crop of com, or i| tons of clover hay. It may be kept 
in mind that, so long as the surface soil contains more i)hosi)horus 
than the subsurface, erosion helps to deplete the soil of phosi)h()rus ; 
but when the phosphorus content of the surface becomes rediical 
by cropping to a point below that of the subsurface, then erosion 
tends to increase the phosphorus in the surface soil. 

In regard to erosion. President Van Hise says; 

“It is plain that we must not permit soil erosion to take place more rapidly 
than the soil is manufactured by the process of nature. To do tliis will Ik' 
ultimately to destroy our soDs. If nature manufactures the soil at the rate of 
one inch in a century, then the erosion must not exceed one inch in one cemurv." 

Of course, this statement refers especially to residual upland 
soils and to the making of soils from the slow disintegration of the 
underlying rock. Most of the com-bclt subsoils include from 20 
to 200 feet of loess and glacial drift above the bed rock. 

The loss of plant food by cropping is the most serious inutler 
on most of the valuable agricultural soils; but this loss is o\er- 
looked by many, in part because of the continued increase in the 
value of our farm produce. Thus the Rc|;ort of the Secretary 
of the United States Department of Agriculture jdaces the total 
value of farm produce in the United States for the year kjci) at 
$8,760,000,000, compared with $4,417,000,000 for tlie year i8()8, 
which marks the beginning of his administration; but. before 
deciding whether to rejoice or weep, we should consider that this 
enormous increase in value is due not at all to improvement of 
soil, but to increased acreage in crops and to increased prices for 
food that must be paid by our own citizens. 

The corn acreage in the United States increased from 77,700,- 
000 in 1898 to 109,000,000 in 1909; and the price of corn in- 
creased from 28 cents per bushel as an average of the years j 895 
to 1900, to 47I cents per bushel as an average of the years 1901 
to 1908. The average yield of corn has fluctuated from 16.7 to 

30.8 bushels per acre, but the average for the twenty years 1870 
to 1889'was 25.6 bushels, while the average for 1890 to 1909 was 

24.9 bushels per acre, for the entire United States. 



CHAPTER XXXIII 

FIXATION OF PLANT FOOD BY SOILS 

When soluble plant food is applied to the soil, it is as a very 
general rule changed into insoluble forms by reaction with the soil. 
Nitrogen in the form of nitrate is an exception to this rule, the 
only method of changing nitrate nitrogen to the insoluble form 
being by the growth of some plant which converts it into organic 
nitrogen, as already explained/ 

The fixation of bases includes not only the metals, but also the 
ammonium group, the soluble base taking the place of some other 
element in an insoluble polysilicate, as illustrated in the following 
general equation: 

Al„Fc,,MgxNaxCa (Si03),(H20),, + 2 KCl 

= AlxFexMgxNaxK2 (SiOg)^ (HaO)^ + CaCL^. 

This equation typifies the reaction of soluble potassium chlorid 
with a zeolitic compound, resulting in the fixation of potassium 
and the liberation of calcium, which passes off in the drainage 
waters in combination with the acid radicle which formerly carried 
the potassium. 

Other mineral bases and even ammonium may be fixed in a simi- 
lar manner, but the ammonium fixation is very temporary, because 
under usual conditions nitrification proceeds rapidly and the 
ammonia nitrogen passes into soluble nitrate nitrogen, a fact which 
is well illustrated by the following data from Rothamsted. 

The ammonium salts consisted of equal parts of the sulfate and 
chlorid. Warington makes the following comments: 

“At the first running of the drain pipe (after October 25) sufficient time had 
not elapsed for the complete decomposition of the ammonium salt and the 
fixation of the ammonia. Some undecomposed salt of ammonium is thus 

^ Even low forms of plant life, as fungi and bacteria, may aid in this process. 
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Table i 18. Nitrogen and Chlorin in Drainage Water before and ae n:u 
THE Application or Ammonium Salts on October 25, 1S80; 

Plot 15, Broadbalk Field 


Pounds per Million of Water 


D«e of collecting Drainage Water 


Octobe r lo . . . 

October 27, 6.30 a.m. 
October 27, i.oo p.m. 
October 28 . . . 

October 29 . . . 

November 15, 16 . 
November 19, 26 . 

December 22, 29, 30 
February 2, 8, 10 . 


Ammonia 

Xu rate 


Nitrogen 

Niirogen 


None 

S.2 

22.7 

9.0 

13.5 

i.l()..l 

6.5 

12.C) 

1 i(>.(i 

2.5 

16.7 

‘) 5-3 

, T. 5 _ 

16 () 

So.S 

Nunc 

1 So.S 

; ST-l 

None 


1 •ty'b 

None 

1 21.7 

2^2 

None 

i 

; JO-l 


found in the early drainage waters, — a circumstance wliicli is very tiiuisiial. 
That decomposition of the salt had already taken place to a very large extent, is 
shown, however, by the enormous amount of chlorin in the lirsl runnings, an 
amount far exceeding that of the ammonia. 

“ Even at this early stage of the reaction, only forty-eiglU hours after the aji- 
plication of the ammonia, nitrification has made a distinct commencement.” 


While the ammonia fixation was probably coniiihded soon after 
October 29, the process of nitrification was evidently not entirely 
completed on February 2-10. 

Schlosing reports experiments with 114 parts ol ammonium 
chlorid per million of soil in which 88.1 per cent of the amnionia 
was nitrified in 18 days, and in another ex|/crimtnl, wilt 5 -’ 
parts of ammonium carbonate per million of soil, 07.7 per ctnt o 
the ammonium was nitrified in 28 days. 

The reactions involved in these fixation processes arc usually 
incomplete, mass action being one of the controlling actors. lus 
with soil silicates containing much calcium, magnesium, an< so- 
dium, and but little potassium, applied potassium would doubtless 
be largely fixed, with liberation of calcium or other bases; « hereas, 
heavy applications of calcium sulfate will liberate more or less 
potassium from soils rich in insoluble potassium compounds. 
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The fixation of soluble phosphates involves a very different re- 
action, which may be illustrated as follows: 

CaH4(P04)2 + CaCOg = Ca^H^CP 04)2+002+1120. 

Ca2H2(P04)2 + CaCOg = Ca3(P04)2 + CO2 + H2O. 

Compounds of iron or aluminum may take the place of the cal- 
cium carbonate in the fixation of phosphates. 

Thus, we may apply to ordinary soil a solution containing soluble 
salts of potassium, ammonium, or phosphorus, but the liquid which 
passes through a soil stratum three inches or more in thickness will 
be found to contain very little of the salts applied. The chief 
value attached to soluble fertilizers is due to their thorough dis- 
tribution in the soil before passing into insoluble forms. If every 
soil grain touched by the soluble fertilizer becomes coated with the 
insoluble product, it presents to the plant roots a very much 
greater surface than if the fertilizer is applied in small solid par- 
ticles, as in ground rock phosphate. 
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ANALYZING AND TESTING SOILS 

While the chemical analysis of soils requires knowlcd.ne, train- 
ing, and skill, and while farmers and other students of agricultun- 
cannot all be analytical chemists, they should all be able to under- 
stand the meaning of a chemical analysis if it is reported witliout 
unnecessary complications. The author’s experience in practical 
agriculture and close contact with progressive farmers desiring 
to make practical application of scientific information revealed to 
him the fact that some of the common methods of reporting analyses 
of soils and fertilizers are extremely confusing, if not positively 
misleading. Thus, it is common to report the analysis of jiotassium 
chlorid (KCl) in terms of potash (K2O), notwithstanding the faa 
that the material analyzed contains no oxygen. Sulfur in soils is 
usually reported as sulfur trioxid (SO3), although the sullur may 
exist in the form of sulfid or as organic sulfur. Still more confusing, 
very misleading, in fact, is to report in terms of calcium oxid (C a( )) , 
or quicklime, all calcium found in the soil, even though it may 
exist only in acid silicates, and, instead of the soil containing an} 
lime in any form, it may require an application of some foim o 
lime to correct the existing acidity. ^ • 1 1 

The only kind of lime which exists in the soil in the agricultura 
sense, that is, lime which has power to prevent or correct soil 
acidity, is limestone, either ordinary or magnesian, anr tiis 
sufficient reason why limestone present should be rcportei as im 

stone; and for the same reason soil acidity is rcjiorter in erins > 

limestone required. Instead of reporting in terms 0 percentage and 
leaving the computations to be made by every im i\k ua \\ m 
sires to use the La, the analytical results may be rq>orU'<l m c 
more simple and usable form of pounds per acre or ‘ 

which are the common farm units of weight and ' 

and fertilizers are applied in tons or poun s per acre, 
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mixed with the plowed soil. Hence, we should know what the 
plowed soil of an acre contains of the different important con- 
stituents and the relations between the amounts contained in the 
soil and the amounts applied in fertilizers and removed in crops. 

This book is not a text on chemistry, but space is taken in the 
Appendix for a description of the details of soil analysis, such as 
are given in the “ Soil Fertility Laboratory Manual,” which is 
designed to accompany this text for use in schools and colleges, 
Every student of soil fertility, even though not a chemist, should 
understand how to make a few simple and very important tests. 

Soil Acidity. To test for soil acidity, make a ball of the fresh, 
moist soil, break it in two, place a piece of blue litmus ^ paper 
between, and press the soil firmly together again. After a few 
minutes examine the paper. If it has turned pink or red, soil 
acidity is indicated. It is especially important to test the sub- 
soil for acidity for reasons already mentioned. 

To examine the soil thoroughly, samples should be tested from 
the surface and subsoil at several different places in the field; 
and the tests should be made by the landowner in the field rather 
than by the chemist in the laboratory. The amount of acidity is 
indicated to some extent by the intensity of color and the rapidity 
with which it develops. The litmus-paper test^ for soil acidity is a 
long-established, trustworthy, and very useful test. It can also 
be used as a test for acidity in other materials, as in acid phosphate 
or in mixed fertilizers which contain acid phosphate. Place two 
or three spoonfuls of the fertilizer in a glass, add half a glass of 
water, stir well, let settle, and then insert a strip of blue litmus 
paper, which will be quickly reddened by the acid solution. 

A positive test for carbonates in the soil precludes the presence 
of soil acidity, because the carbonates are easily decomposed by 

^ Litmus is an organic coloring matter which turns red in acid solutions anti 
blue in alkaline. Litmus paper is made b}'' moistening paper with a solution of 
litmus, the paper then being dried. The prepared litmus paper ready for use 
can be obtained at most drug stores put up in packages of 20 or 30 pieces for 5 
cents a package. 

^ Cameron has reported experiments intended to show that the litmus-paper test 
has little or no value, because he was able to change blue litmus red by contact with 
absorbent cotton, the change being attributed by him to absorption; but it develops 
that bleached cotton may retain sufficient acid used in the bleaching process to 
produce the change of color in litmus. 
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acids with the liberation of carbonic acid, which breaks down into 
water and gas, carbon dioxid. Consequently the carbonates, such 
as calcium carbonate and magnesium carbonate, serve as mild 
alkalis, in the presence of which soil acidity cannot exist. 

Carbonates. To test for carbonates in the soil, make a shallow 
cup of a ball of soil and pour in a few drops of concentrated hy- 
drochloric acid. If carbonates are present, a reaction occurs with 
the liberation of carbon dioxid which appears as gas bubbles, 
producing foaming, or effervescence: 

CaCOa + 2HCI = CaCl, + H.O + CO,. 


With much carbonate present the action is rapid and abundant, 
but with mere traces of carbonate in the soil only few bubbles will 

The same test may be applied to limestone, marl, etc., to ascer- 
tain if carbonates are contained in the material. Most limestones 
and marls will show some effervescence with cold amcenlrated 
acid, but some nearly pure dolomitic limestones reipiire the appli- 
cation of heat to properly develop the reaction. 

Five cents’ worth of concentrated hydrochloric acid in a small 
glass-stoppered bottle is sufficient for many tests for 
Of course, care must be taken not to get tite act.l on he do In g r 
skin In case the acid gets on the fingers, it should be washed ,1, 
. rubbed off with sol as soon as possible t -i;- 

dangerous to handle, but will soon “eat" or Inirn tl on gfi 1 'c 
iin^if not removed or neutralised, which coul.l be easily .lone Ity 

rubbing with soil containing carbonates. 

As in the case of acidity, it is “If ‘■‘"J' ™ J 

subsoil tor carbonates; for an abun ’ ‘vji, isiiecially 

3 feet beneath the surface serves as a store an. p ^ alfalfa, 

n critical periods in the growth of such ^ ' "1 ’ 

ivhich may die during a few weeks of sumn^ r . r^ h he r 
capillary moisture carries acidity, f would be kept alne 
moisture brought traces of eule'um “r concerning 

If the landowner has f ^ advisable to collect a 
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about 20 borings taken from as many different places where the 
soil appears to be uniform and truly representative of the soil type) 
and employ a skilled chemist to determine the total phosphorus and 
total nitrogen, and in case of naturally poor or abnormal soils it is 
well, also, to have determinations made of the total potassium, total 
magnesium, and total calcium. 

The chief value of a chemical analysis is not to serve as a guide 
in the application of some certain plant-food element in readily 
available form for the special benefit of the next crop, but rather to 
serve as an absolute foundation upon which methods of soil treat- 
ment can be safely based for the adoption of systems of permanent 
soil improvement. 

Thus, if the plowed soil of an acre is found to contain 8io pounds 
of total phosphorus and 47,600 pounds of total potassium, as is the 
case with the yellow-gray silt loam of the late Wisconsin glaciation, 
the most common upland soil in Luke County, Illinois, then a 
system of farming which will increase the phosphorus content of 
the soil and which will liberate potassium from the practically 
inexhaustible supply will certainly rest upon a practical and truly 
scientific foundation, notwithstanding the fact that in actual 
trials the application of soluble potassium salts in the absence of 
sufficient decaying organic matter might produce a marked effect 
on crop yields, as in the case of wheat in the Rothamsted experi- 
ments. 

In practical agriculture the first soil test should be that for acid- 
ity, and if acidity is found in the surface and more marked acidity 
in the subsoil, the first treatment should be the application of 2 
to 5 tons per acre of ground limestone. Following this, clover or 
some other legume should be grown, inoculation being provided, 
if necessary, and liberal supplies of decaying organic matter should 
then be provided by plowing under the clover either directly or 
in the form of manure. Next, some form of phosphorus should be 
added with the organic matter, more especially to note its effect 
on the yield of succeeding crops of legumes. Finally, if necessary 
or desirable, some soluble salts may be applied, such as potassium 
chlorid, sodium chlorid (common salt), kainit, or calcium sulfate 
(gypsum or land plaster), to note whether such addition would 
produce at least temporary profit until the supply of decaying 
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organic matter becomes adequate to liberate sulTicient plant food 
from the abundant supplies contained in the soil. Of course, if the 
absolute invoice of the soil shows that the total potassium is low, as 
in most peaty swamp soils, then that element should be regulaiiy 
provided in systems of permanent agriculture; and likewise, if 
the total magnesium is low, it is certainly advisable to aj)|)ly liberal 
amounts of magnesian limestone. Even calcium as an element of 
j)lant food (especially for clover, which requires 29 pounds of 
calcium per ton) rnay become deficient, as is plainly the case with 
the extensive Leonardtown loam of southern Marvland. 

Plot Experiments. The following outline is one of the simplest 
and most practical series of plot experiments: 


Plan ‘for Plot Experiments in Soil Improvement 


Plot No. 

Soil Tkkatmkm- 

lOI 

None, except crop rotation 

102 

Manure 

103 

Manure and limestone 

104 

Manure, limestone, and ])ho.sphorus 

los 

None, except crop rotation 

106 

Residues turned under 

107 

Residues and limestone 

108 

Residues, limestone, and jihospliorus 

109 

Residues, limestone, phosphorus, and kainil 

no 

None, except crop rotation 


For a four-year rotation, such as wheat, corn, oats, and clover, 
there should be four different scries similar to the roo series, in 
order that every crop may be represented every year. 'Fhe use 
of manure should be in amounts such as could easily be produced 
in independent systems of live-stock farming not involving the 
purchase of feed in excess of the crops sold. The use of crop resi- 
dues should include all products except the grain or seed to be 
sold in grain farming. Thus, the clover should be clipfied once or 
twice in May or June and left on the land, the cornstalks should be 
cut and plowed under, and the threshed straw (from wheat, oats, 
and clover) should be returned to the land cither immediately 
or subsequently. 
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In case the soil contains limestone, that application could be 
omitted, and perhaps two forms of phosphorus tried, such as 
steamed bone meal and an equal value of raw rock phosphate. 
The use of acid phosphate is not advised for such experiments be- 
cause of its indirect effect, due in part to its marked acidity, and 
in part to its soluble salt content, including much calcium sulfate. 

As a rule, the applications are made but once for the rotation, 
2 tons of limestone, 2000 pounds of raw phosphate, 800 pounds of 
steamed bone meal, and 1000 pounds of kainit, per acre, being 
recommended for a four-year rotation. For each ton of produce 
hauled off from any plot during the rotation, one ton of manure 
can be returned, even though the wheat and some part of the other 
grain should be sold, and by exercising great care and making large 
use of bedding, it is possible to return ij tons of average fresh ma- 
nure for each ton of produce used for feed and bedding. Of course, 
the crop residues in the grain system will be returned in accordance 
with the amounts produced on the respective plots, excepting on 
plots I, 5, and 10, from which all crops are removed and nothing 
returned. 

Another system which is especially designed to furnish informa- 
tion concerning the needs of the soil, rather than to demonstrate 
how those needs should be supplied, is as follows: 


Plan for Plot Experiments with Fertilizers 


Plot No. 

Plant Food Applied 

j 

None 

2 

Dried blood 

3 

Steamed bone meal 

4 

Potassium sulfate 

5 

None 

6 

Blood and bone 

7 

Blood and potassium sulfate 

8 

Bone and potassium sulfate 

9 

Blood, bone, and potassium sulfate 

10 

None 


The applications should be at the rate of 1000 pounds of dried 
blood, 200 pounds of steamed bone meal, and 200 pounds of potas- 
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slum sulfate, for each year. One half of each plot may be treated 
^Yith limestone, applied at the rate of looo pounds per acre, and 
for some soils magnesian limestone is undoubtedly jireferable to 
the more common limestone, which contains only calcium car- 
bonate. 

Some rotation of crops should be practiced, such as corn, oats, 
wheat, and timothy. To introduce legumes in this system, largely 
destroys the value of the test with nitrogen, and the plan is designeil 
to discover as quickly as possible what the soil fails to furnish 
to the crop. 

When definite information has been secured, the materials 
which need to be added should as a rule be ai)j)lied in larger 
amounts at longer intervals. Thus initial apidications of lo tons 
of ground limestone and even 3 or 4 tons per acre of line ground 
rock phosphate are not unreasonable for land valued at Sio to 
$50 per acre which the owner desires to improve until it shall 
yield as much as is produced on $150 or $200 land. 



CHAPTER XXXV 

RELATION OF FERTILITY TO APPEARANCE OF SOILS OR 
CROPS 

It is probably not too much to say that the average man is ever 
on the alert to “ discover” the cause for every effect. This is well, 
but not infrequently two or three examples are readily accepted 
as proof sufficient sometimes to become a tradition. Thus do some 
people still plant potatoes in the dark of the moon, although, as 
T. B. Terry says, it were better to plant in the light of the moon, 
when one can see to work late at night. 

To find a “ Shakespere” plant of wheat from which a new variety 
may be established is perhaps a laudable search, but, as a rule, 
hauling manure is a more remunerative employment. It is well 
that some men have the“ gold fever,” but those of large experience 
and ^observation tell us that more money is buried in gold mines 
than is ever dug out. 

Success in agriculture depends largely upon knowledge and work. 
Fortunate is the man who knows what to do and does it. Not much 
knowledge or skill is required to secure temporary success where 
rich, virgin land is accepted as a gift or at a very low price, and 
where the unearned increment amounts to $ioo or more per acre 
for the man who does little else than to draw upon his capital stock 
for support. 

Permanent success requires knowledge, thought, investment, 
and work, and success for the many lies within reach along these 
lines; whereas, sudden riches from gold mines, oil wells, inventions, 
or discoveries are rare misfortunes; and there is no more free land 
in the humid section of the United States. 

Directions are often given by which it is held that one can tell 
from the appearance of the crop what plant food is lacking in the soil. 
Thus we are told that nitrogen produces a rank growth of straw or 
572 
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stalk, and retards maturity, and that small growth and a [\ilo color 
show lack of nitrogen; that phosphorus produces the seed and has- 
tons maturity, and that poorly filled ears and heads show lack of 
phosphorus; that weakness of str»v shows lack of potassium. 
However, these and other “rules” have commonly been evolved 
from experience on soils of one class, and they may have little or 
no value on other soil types. 

Any kind of malnutrition produces imperfect growth, (hi sand 
land and other soils deficient in nitrogen, the addition of nitrogen 
does not retard, but positively hastens, maturity, sometimes by (mi‘ 
or two weeks, and markedly increases the development of the serd 
or grain. On peaty swamp lands, which are well siipi)lied with 
nitrogen, the plants arc small and pale or yellowish in color, and 
under the rule appear to suffer “nitrogen hunger,” but rank 
errowth, dark color, and wcll-iillcd heads or ears result from the 
addition of potassium. On soils rich in nitrogen and potassium and 
deficient in phosphorus, the growth and strength of straw or stalk, 
as well as yield of grain, arc markedly mcrea.sed by addition ot 
phosphorus; and loo bushels of good sound corn will often mature 
where the soil is properly balanced two weeks in advance ol a 20- 
bushel crop grown from the same kind of seed planlec at t le same 
time on the same type of soil, where not properly l)alanced 
Nitrogen is an important constituent of the organic nutkr of 
the soil; consequently, soils rich in organic matter are also rich m 
nitrogc;-, and' conversely, soils markedly deficient in o^a me 
matter, such, especially, as worn hill land.s and ^ 

deficient in nitrogen. Potassium is not a 
ganic matter, is easily leached from^ plant tey 
deficient in peat soils, as well as in soils derived Urge ^ ^ 

as from solne residual sandstones, , 

derived from shells and skeletons may have some rehition, 

.Wai.sonha,s„a,«.ea pviscenda 

1 39 and 1 74) a relations 11 [K has l,ecn found in 

acidity and lack of phosphorus. H . , j, (rue that many 

which acid soils have not shown a nee P I rorrelation tictwccn 

acid soils are deficient in j VL-e c - Kentucky are somc- 

these two facts. The highly P^oThnUc so s ^ unn^ ^ 

times acid, and some of the peat soi s o , example, with the deep 

any soil in the state, are distinctly acid. This ks the case. 
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limestone soils are often well supplied with phosphorus, phosphatic 
limestones being especially rich in phosphate. Phosphorus is also 
a fixed constituent in most organic matter, and soils rich in humus 
usually have at least a fair supply of phosphorus. Silicate minerals 
contain much potassium, and clay soils or silt soils derived from 
silicates usually contain sufficient undecomposed minerals to in- 
sure a high content of potassium. These facts serve to indicate to 
some extent correlation between the physical appearance of the 
soil and its chemical composition; but these indications have no 
such value as the chemical invoice of the total plant food contained 
in the soil. 

peat on the Manito experiment field, but both the soil analysis and the field experi- 
ments show that the soil is not deficient in phosphorus. (See Tables 15, 16, 17, and 
91.) 



CHAPTER XXXVI 

FACTORS IN CROP PRODUCTION 

There are six essential positive factors in the production of 
agricultural crops, which may be designated by the single words: 

I. Seed, 2. Home, 3. Heat. 

4, Light. 5. Moisture. 6. Food, 

There are many negative factors against which the plant sliould 
be protected, such as injury from insects, birds, or other animals, 
fungous or other diseases or parasites, weeds, and even against an 
excess of some positive factors, such as moisture. To ignore any 
important essential factor is certainly to be one-sided or short- 
sighted. 

Seed. The seed is a factor of much importance. The Illinois 
Station has produced, as an average yield of three years, 15.6 
bushels per acre of one variety of wheat and 6.1 bushels of another 
variety, in careful comparable tests on the same type of soil. 'I'he 
fact that the soil was poor helps to show the character of the whc'at, 
because it requires a good variety to make a fair yield on j)oor soil. 
Aside from varietal differences, the vitality or vigor of the s|)ecial 
lot of seed is important, and the selection of the best seed from a 
givenlot is certainly good practice. Large seed arc, as a rule, better 
than small seed, even though they may be of the same variety and 
all of good vitality. Thus, as an average of 7 years, the Ontario 
Agricultural College produced 62 bushels of oats per acre from large 
seed and only 47 bushels from small seed, both selected from the 
same stock each year. The selection and breeding of- plants is at 
least as successful as the breeding of animals. Thus may plants 
be developed for power to yield or for special purposes. I he Illi- 
nois Station has in ten years' breeding developed two strains of 
corn one of which now contains 6 per cent more protein than the 
other, and two other strains one of which contains about three 
times as much oil as the other, all four strains having been bred 
575 
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from a single variety of corn. Likewise, the sugar beet has been 
developed by breeding under the most exact scientific control until 
its sugar content has been changed from 4 per cent to more thtra 
12 per cent, and until about one half of the world’s supply of sugar 
is now made from beets. But shall we practically ignore other 
equally essential factors because of the importance of seed? 

Home of the plant. The home of the plant may vary from a stiff, 
compact, almost impervious clay, offering a very shallow feeding 
range for plant roots, to a porous, friable, easily penetrated, fine 
sandy loam, affording a very deep feeding range. To markedly 
modify the physical character of the soil is, as a rule, a difficult and 
expensive problem. Thorough underdrainage and large use of 
organic matter, including deep-rooting plants, which are the best 
subsoilers, and sometimes heavy applications of marl or ground 
limestone (10 tons or more per acre) will do much to improve the 
clay soils, and heavy applications of “ clay ” (say one wagon load 
to the square rod) will greatly improve some very light sand soils. 
An old English saying runs: 

“ Clay on sand is money in the hand ; 

Sand on clay is money thrown away.” 

Temperature. A proper temperature is important in crop pro- 
duction, although some plants grow well in cool weather, while 
others do best under tropical conditions. Dark soils are warmer 
than light-colored soils, a difference of several degrees being noted 
during the forenoon in the early summer, and this difference extends 
to a depth gf several inches; but the largest control of soil tempera- 
ture lies in the control of soil moisture. Improperly drained soils 
are cold soils, because enormous quantities of heat are required 
to remove surplus water from the soil by the process of evapora- 
tion. Thus, to melt ice requires only 79 heat units, and to raise 
water from the freezing point to the boiling point requires only 
100 heat units, but to evaporate water requires 536.4 heat units. 
If the surplus soil water can be removed by underdrainage, the 
sun’s energy may then be expended in w^arming the soil. , 

Light. Light is an absolute essential in the most fundamental 
process of plant growth, photosynthesis. One of the most damag- 
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ing effects of weeds is that they shut off the light to a great er or 
less extent from the agricultural plant. Nurse crops drilled north 
and south permit the strong midday light to reach the young clover, 
and thus insure a hardier clover plant than when the nurse crop is 
sown broadcast or drilled in an cast and west direction. In green- 
house cultures light is very commonly the limiting factor in plant 
growth. However, under ordinary field conditions, the light is 
probably adequate for crop yields at least ten times the i)resenl 
averages. 

Moisture. Moisture is perhaps the most variable factor in 
crop production; and, in conseciucncc, many seem to think lliat 
if we have timely rains, we should always have good crops; although 
on almost every farm, there are some patches of ground wliicli 
produce twice as much as others, even though the lainfall, seed, 
preparation, cultivation, etc., are alike on both areas. 

It may safely be stated that when corn or other crops begin^ to 
‘'fire” in time of partial drouth the real cause of the “firing” is 
more commonly due to a lack of plant food than to a lack of mois- 
ture for its own sake. To be sure, a more ideal rainfall, which we 
cannot control, would help to render available a more nr^arly ade- 
quate supply of plant food, even from a poor soil; but , on the other 
hand, a liberal enrichment of the soil, which we can control, will 
often render unnecessary additional rainfall, .\lmost e\ery season 
in some part of Illinois, we observe the “ firing ” of corn on unfer- 
tilized land where the soil is incapable of producing more than 25 
to 50 bushels per acre, while at the same time on adjoining properly 
fertilized plots which yield 75 to 100 bushels, and where the crojis 
are actually drawing much more moisture from the soil, there is 
little or no evidence of “ firing.” Even in the pot-culture a )- 
oratory, where water is daily supplied in sufiicient abundance, 
plants “ fire ” with inadequate food supplies. In other words, the 
lower leaves die, and much of the plant food which they contain is 
translocated to the new, growing parts, in order that re[)ro(.uction 

may ensue if possible. , . 

The conservation of moisture in humid sections is a matter hose 
importance is commonly greatly exaggerated. If the ™ 

much advised for extra cultivation were devoted to a more 
use of manure, clover, limestone, and phosphorus, greater and 
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more lasting profits would result. As an average of six years’ 
experiments at the Illinois Station, Professor George E. Morrow- 
produced 70.3 bushels of corn per acre with ordinary cultivation 
(four times, or twice each way), while eight extra cultivations in- 
creased the yield to only 72.8 bushels. Furthermore, where no 
cultivation whatever was practiced, the land having been well pre- 
pared and, subsequent to planting, kept clean by clipping the weeds 
off at the surface of the ground, the average yield for the same six 
years was 68.3 bushels per acre. About one half of all the increase 
from the extra cultivation during the six years was produced dur- 
ing one especially dry season. For the other five years the extra 
cultivation was wasted energy; and as an average the increase 
produced was far below the cost of the extra work. 

Table 119 shows the results of more recent experiments at the 
Illinois Station, which include the effect of plowing, preparation 
of seed bed, cultivation, irrigation, and fertilization. 


Table 119. Effect of Soil Preparation, Cultivation, Irrigation, and 
Fertilization: Illinois Experiments 
Corn, Bushels per Acre 


Plot 

No. 

Soil Treatment 

1906 

1907 

1908 

I 

Land not plowed; not cultivated ; weeds clipped 
off at surface 


38.3 

32-3 

2 

Land plowed and well prepared, but not culti- 
vated ; weeds clipped off at surface 

— 

44.0 

39-6 

3 

Land plowed and well prepared, but nothing done 
after planting; weeds allowed to grow .... 

None 

None 

4.4 

4 

Landplowed, well prepared, well cultivated . . 

44-7 

49.6 

29.4 

5 

Land plowed, well prepared, well cultivated, and 
irrigated in dry weather 

46.2 

49.8 

33-8 _ 

~T~ 

Land plowed, well prepared, well cultivated, irri- 
gated, and heavily fertilized 

69.7 

102.2 

52.8 


In 1908 a rainfall of 10.28 inches in 30 days during the usual 
time for corn planting necessitated very late preparation of the 
land, and with very light rainfall during the remainder of the 
season (only 8.93 inches between May 23 and November 22) the 
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^veeds on the uncultivated plot failed to smother the crop so com- 
pletely as to entirely prevent the formation of cars, which in nor- 
mal seasons is the common result of the unrestricted growth of 
weeds. 

It is a matter of surprise to many people that a good crop of corn 
can be produced with no cultivation after the crop is planted ; but 
they forget that 40 bushels of wheat, 80 of oats, 3 tons of clover, 
etc., are produced on good soil with no cultivation after planting. 
On good land in humid sections the greatest benefit of cultivation 
is due to the killing of weeds. For soils deficient in plant food, 
especially in nitrogen, frequent cultivation will hasten the di'cay 
of organic matter, encourage nitrification, and often markedly 
increase the crop yield. Thus, on the worn hill lands at Ithaca, 
New York, the Cornell Station has shown very beneficial results 
from long-continued cultivation of potatoes; but the (juestion 
still remains if more clover plowed under would not have given 
better yields at less expense and have left the land in better con- 


dition for subsequent crops. 

In the semiarid region, fallow cultivation is practiced during one 
season, tlie soil being stirred after every rain, in order to preyeiit 
evaporation and thus store up sufficient raoislure in the soil to 
give the crop a good start, especially a fall-soivn crop like winter 
wheat, which with moderate rainfall the next s|)ringwill usually 
produce a good yield. On the other hand, the much-talke. -ol 
“dry farming” is a great misnomer. Above everything else, 
every success in " dry farming” is coincident ivith a fair amount 
of rainfall in a semiarid region; and the prosiiective investor is 
warned not to he misled by the numerous exaggerated repot s 
of successful “dry farming”; and the autlior speaks, not only 
from scientific data, but also from fourteen years praclica ex- 
perience in a semiarid state. He has seen to to 3° Pushe s „ 
wheat and corresponding yields of other crops proiluce. or sue d 
years with a moderate rainfall well distributed, and he to 
seen this period followed by four years m succession ^ 

rainfall that no sort of dry farming couM produce a 
Certainly it is possible and practicable to conserve ami accumu 
late moistme with very moderate rainfall so that ^ 

grown every two years, and much can be done to advantage where 
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crops are grown every year; but the fact remains that at least 75 
per cent of the talk of “ dry farming ” is falacious. It is to be cred- 
ited largely to land agents, farmers of short experience, and to 
one-sided enthusiasts. When it is found impossible to win con- 
fidence in the “dry farming ” theory, the advocate insists that 
the seasons in the semiarid region have changed, that more abun- 
dant rainfall follows the plow, and that the semiarid region has 
become humid. 

It is true, as stated above, that a series of wet years may follow 
a dry series, but it is not true that seasons change measurably in 
any permanent way during human experience. 

The accompanying chart showing the total annual rainfall at 
North Platte, Nebraska, for the 34 years, 1875 presents 

some interesting, instructive, and valuable data. 



Precipitation (inches) at North Platte, Nebraska, for Thirty-four 
Years — 1875 to 1908 


It will be observed that the average rainfall for the seven years, 
1902 to igo8, is 23.17 inches, and it will also be noted that every 
year has been above normal, with the exception of 1903, which was 
slightly below. Previous to 1902 was a remarkable period of nine 
years when every year was distinctly below normal, the rainfall 
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ranging from 11.21 to 17.09. It is not surprising, pcrhai)s, that 
'‘dry farming” should succeed fairly well in recent years with a 
rainfall ranging from 18 to 28 inches, and there is reason enough 
to convince manyHhat rainfall follows the plow. However, the 
heaviest rainfall on record is for 1883 (29.88 inches), and the aver- 
age for the ten years, 1877 to 1886, is only .38 of an inch below the 
average for the last ten years, while the average for the first 17 
years is .64 of an inch greater than the average for the last 
17 years, according to the records of the 34 years. 

A matter worthy of important consideration is the distribut ion 
of rainfall. A rainfall of 15 to 20 inches is suflicient for very fair 
crops if it comes at the rate of 3 inches a month from April to 
September; but, if two or three torrential showers of 4 or 5 inches 
each all within a month or six weeks arc parts of the total, the rain- 
fall may be very inadequate. 

The author is firmly of the opinion that most of the cultivable 
semiarid lands in the United States where the average annual 
rainfall exceeds 15 inches should be and will be occupied, and also 
that a very satisfactory measure of prosperity can be attained by 
those who farm those lands under the best methods; but it should 
not be forgotten that there are certain to be periods of severe drouth 
sometimes for several years in succession; and, unless adequate 
provision is made against such times, there will be sulTering for 

^ An experience reported to the author by Mr. N. S. Spencer, a resident of 
Champaign County, Illinois, cannot fail to be of interest, and may be of some value, 
to students of semiarid agriculture. Mr. Spencer stated that he went into central 
Xebraska some years ago and saw growing in the fields wheat crops that yielded 
35 bushels per acre on very low-priced land, and he had positive assurance that ex- 
cellent crops had been grown the year before and also in previous years. 1 fe bought 
a large farm, and broke up 400 acres the same season, on which wheat was 
seeded in the fall. The following year crop failure was common, and he threshed 
no wheat. However, there were some good summer rains and he prepared the 
land well and again seeded 400 acres of wheat, but again the rain failed and 
tie threshed no wheat. Once more the summer rains were sufiaient to enidjlc 
him to put the land in good condition, and he sowed 300 acres of wheat, whidi, 
however, also resulted in complete failure. He then gave up the land upon whi( h 
he had made two payments, disposed of his stock and tools as well as he could, 
and found that his total loss for the three years’ experience amounted to about 
Si 0,000, 

Soon after hearing this story, the author looked up the rainfall record as rcfiortcd 
above for North Platte, and then stated to Mr. Spencer that he must have bought 
his land in 1892, which was found to be correct. 
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animals and possibly for the people, unless relieved by food 
supplies from other sections. 



Average Anxual Precipitation in differest Parts of the United 
States (in inches) 


The accompanying map of the United States showing the average 
annual rainfall is based upon the record of the United States 
Weather Bureau, and furnishes some exceedingly valuable infor- 
mation. It will be noted that the average rainfall is about 35 
inches for eastern Kansas and southeast Nebraska, about 25 
inches for central Kansas and east-central Nebraska, and about 1 5 
inches for the western parts of those states. The average annual 
rainfall of the United States varies from less than 10 inches in 
the Great Basin to more than 60 inches over small areas on the 
coast. 

Some portion of the arid region will be reclaimed by irrigation; 
but while this subject is receiving much attention, with extensive 
advertising of both private and public enterprises, it can never be 
a very large factor in American agriculture. Director Frederick 
H. Newell, of the United States Reclamation Service, malces the 
following statements concerning the arid region (“ Conservation of 
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Natural Resources ” published by the American Academy of 
Political and Social Science, Philadelphia, 1909) : 

“If all the run-off waters of this region could be conserved and cmplovcd in 
irrigation, the total area reclaimed might, perhaps, be brought to nearly 
60,000,000 acres. . . . Large portions of the water of the arid region cannot 
Ijc used in irrigation, as no irrigable land exists upon which it can be brought at 
feasible cost.” 

“With present data, the closest statement is probably under 60,000,000 acres 
and between 40,000,000 and 50,000,000 acres, including the lands now under 
ditch.” (About 13,000,000 acres are now under irrigation.) 

For comparison it may be noted that the state of South Dakota 
contains 48,000,000 acres, and the estimated total area of arid land 
that can still be brought under irrigation in the United States is 
equal to only one state like Illinois. Director Newell estimates 
that the total land areas that may possibly be brought under irri- 
gation might support, directly and indirectly, 10 million pco])le, 
or about 10 per cent of our present population. 

It should be kept in mind that the fertility even of irrigated lamls 
must be maintained if they are to continue jiroductive. With 
large use of turbid water there is always soil enrichment, but 
reservoir water adds little or no fertility to the soil, as witne.ss the 
low yields of irrigated lands in India. In his Handbook of Indian 
Agriculture, Mukerji makes the following statements: 

“The best crops of wheat are grown on lands newly brought under canal 
irrigation. Where canal water is used for irrigation for a number of years, the 
outturn is found to fall off even below the original level. ... No manure is 
required for dearh land which is annually renovated with silt.” 

* In this connection it is of interest to know that the estimated 
area of reclalmable swamp land in the United States is less than 
80 million acres, which would provide about two million 40-acre 
farms, thus furnishing homes for another 10 million i)eoi)le corre- 
sponding to the normal increase in our iJOi)ulation for five or six 
years. 



CHAPTER XXXVII 

ESSENTIAL FACTORS OF SUCCESS IN FARMING 

There are three factors which govern success in such an 
enterprise as farming: (i) knowledge, (2) executive ability, and 
(3) business ability. 

First, we must have the necessary knowledge to make definite 
plans under which permanent success will be possible. Merely 
because one has considered that he was making money while he 
has been wearing out a rich soil, which may have cost him but 
little to begin with, is no assurance that he will be able to succeed 
when he has to deal with high-priced, partially exhausted land. 

Second, one may have sufficient knowledge to plan well, but, 
if he lacks the executive ability to properly carry out his 
plans, he will surely fail. It is at this point that landowners 
frequently misjudge the young graduate from the agricultural 
college. They fail to distinguish between the knowledge of im- 
portant fundamental facts, which the young man possesses, and 
the necessary executive ability to handle men and to get work 
done, which, as a rule, the young man does not possess. 

Third, one must have judgment and ability in financial matters, 
for purchases must be made with economy and the farm products 
must be disposed of to advantage, if profit is to result. Business 
dealing is an essential part of the farm enterprise; and it matters 
not how well the farm system is planned or how well the plans arc 
executed in the production of crops, the poor business man, who 
pays too much for the things he buys, buys things which he need 
not buy, or fails to buy the things he needs, who sells his produce 
in poor condition, holds produce when he ought to sell it, or sells 
when he ought to hold it, will certainly not attain a high degree 
of success in farming. 

The manufacturer employs an expert for a definite purpose and 
the expert renders the required service to the great advantage of 
his employer; but what manufacturer would think of turning over 

584 



essential factors of success in farming 585 

. the complete management of a complex business to an inexperienced 
young man, even though he were able to analyze the raw materials 
and point out some absolute essentials for the highest grade of 
linished products? 

Let the landowner of executive and business ability take the 
graduate from the agricultural college as a junior partner, until 
he has had the opportunity to acquire those essentials in the school 
of experience under the wiser guidance of the older man, who 
should not forget, however, that land which has been running down 
for half a century cannot be built up in a year so as to pay both 
cost and profit on the improvement. 

An investment of $2 per acre per annum which always pro- 
duces an increase above the preceding year of 2 bushels of corn per 
acre (and equivalent amounts of other crops in the rotation) fur- 
nishes corn as follows: 

Cost of Corn per Bushel 


First year $1.00 

Second year 50 

Third year 33! 

Fourth year 25 

Fifth year 20 

Sixth year 1615 

Eighth year 12I 

Tenth year 10 


These figures mean that land which increases in productiveness at 
the rate of 2 bushels per annum would rise from 50 bushels to 70 
bushels per acre in ten years’ time, and if this change can be brouglit 
about at a cost of $2 per acre per annum, it will be an extremely 
profitable investment, although there may be an apparent loss for 
the first few years. And this does not take into account the certain 
fact that if the land is not properly treated, it will sooner or later de- 
crease in productive power below the 50-bushel yield. 

Even large annual expense will ultimately [)rove profitable if 
it provides for a system of farming under which the land steadily 
increases in productiveness; whereas, if a system is followed 
which allows the soil to become depleted of any essential constituent, 
failure must finally result, whether we grow one grain crop year 
after year, rotate the grain crops, or use inadequate amounts of 
manure, clover, or commercial fertilizers. 
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metallic mercury added and the contents of the flask digested until color- 
less. Oxidation is completed by adding, while still boiling hot, powdered 
potassium permanganate until the solution is green. It is then allowed 
to cool and transferred with 250 cc. of nitrogen-free water to a copper 
flask of about 700 cc. capacity and enough strong alkali solution ^ added 
to more than neutralize the acid. The flask is then immediately con- 
nected with a still, the ammonia distilled off and collected in a flask 
containing a measured amount of standard hydrochloric acid. The ex- 
cess of hydrochloric acid is then titrated back with standard ammonium 
hydroxid, using lacmoid as indicator, and the amount of nitrogen in the 
soil calculated. A convenient strength of ammonia solution is one in 
which I cc. is equivalent to .0032 g. nitrogen. 

Duplicates should check within 0.2 cc. A blank determination must 
be run, by using approximately .5 g. pure sugar instead of the soil sample, 
and a correction made for the nitrogen in the reagents used. 

Phosphorus. For the phosphorus determination the soil is decom- 
posed by heating with sodium peroxid as given on page >145, Bulletin 
105, Bureau of Chemistry, U. S. Department of Agriculture. 

Five grams of ordinary soil are thoroughly mixed with 10 g. of sodium 
peroxid in an iron crucible of about no cc. capacity, the flame applied 
directly to the surface just long enough to start the action, the crucible 
covered, and the heating continued over a low flame for twenty-five 
minutes. The tip of the flame should just touch the bottom of the 
crucible and the heat be kept low enough so the peroxid will not fuse. 
In decomposing a soil very low in organic matter, such as some subsoils, 
o.i to 0.5 g. of pow'dered sugar should be added to favor the reaction. 

Peat soils are usually high in phosphorus, and 2,V g. arc sufficient for 
the determination. Such soils, high in organic matter, will not fuse 
slowly when heated with peroxid, but by moistening the sample with 5 cc. 
of calcium acetate of sufficient strength to fix the phosphorus, the organic 
matter can be safely burned off, and after cooling, enough starch added to 
eflfect decomposition with sodium peroxid in the usual way. 

After decomposition, the sample is washed into a beaker, the coarser 
particles broken up, then transferred to a 500 cc. flask acidified with 
hydrochloric acid and boiled for five minutes. A little strong nitric acid 
is added to insure complete oxidation of the iron to the ferric condition. 
It is then allowed to cool and made up to volume. There should be no 
undecomposed soil in the bottom of the flask. The silica is allowgd to 

’ Containing 60 lb. Greenbank’s alkali and 800 g. potassium sulfid for each 30 
litres of water. 
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settle over night, 200 cc. of the dear supernatant solution drawn off, and 
the iron, aluminum, and phosphorus precipitated by adding ammonium 
hydroxid to the boiling solution. If there is not enough iron present to 
give a very decided brown color to the precipitate, a little ferric chlorid 
should be added before precipitation to insure com])letc removal of the 
phosphorus from solutioil. The precipitate is filtered off, washed, 
and then dissolved with warm dilute nitric acid. It is then evaporated 
on the steam bath to dehydrate the silica, taken up with hydrochloric 
acid, heating if necessary, and the silica filtered off. The filtrate is 
evaporated to about 5-10 cc., care being taken that it does not go to 
dryness, as alumina and some silica are almost sure to se|)arate out and 
cause trouble. It is then completely neutralized with ammonia, cleared 
up with nitric acid, approximately i g. of ciy'stallinc ammonium nitrate 
added, and the phosphorus precipitated at 40^-50° with 15 cc. ammo- 
nium molybdate solution, allowing it to stand on the water bath at this 
temperature for one to two hours, stirring occasionally for the first 15 
or 20 minutes. It is then allowed to stand at room temperature over 
night, the precipitate filtered off through a double filter and washed 
with a tenth-normal solution of ammonium nitrate until free from 
molybdic acid and finally twice with cold distilled water.' It is then 
removed together with the filter paper to a beaker, dissolved with a 
measured excess of standard potassium hydroxid solution, and the 
excess titrated back with standard nitric acid. 

A very convenient strength of potassium hydroxid solution is .832 .56 g. 
KOH per 100 cc. One cubic centimeter is then equivalent to 0.2 mg. 
of phosphorus. 

The nitric acid should be made equivalent in strength to the potassium 
hydroxid, and with these strengths of solutions, duplicates should check 
within 0.2 cc. 

,A blank determination must be run, using no soil, and a correction 
made for the phosphorus found in the reagents. 

(Ammonium molybdate solution is made by dissolving 100 g. molybdic 
acid in 400 cc. NH4OII (sp. gr. .96) and adding ver\' slowly to 1250 cc. 
HNO3 (sp. gr. 1.20), keeping the solution cool and well stirred.) 

Total potassium. This test is carried out as given on ])age 147, Bulle- 
tin 105, Bureau of Chemistry, Department of Agriculture. One gram 
of soil, one gram of ammonium chlorid, and eight grams of calcium 

‘Molybdic oxid is often precipitated if the first few washings, while irrm is still 
present, are done with either water or ammonium nitrate solution. This may he 
prevented by washing two or three times, until free of iron, with ammonium nitrate 
containing a little of the ammonium molybdate solution. 
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carbonate are fused as directed in Fresenius’ “Quantitative Analysis,’’ 
page 426, and by Hillebrand in Bulletin 305 of the United States Geo- 
logical Survey, where an illustration of the apparatus is given. The 
fused mass is transferred to a porcelain dish, slacked with hot water, 
finely ground with an agate pestle and transferred to a filter. After 
washing with about 600 cc. hot water, the filtrdte and washings are run to 
dryness in a Jena beaker, taken up with hot water and again filtered, 
acidified with hydrochloric acid, concentrated to about 10 cc., and cc. 
of a platinum chlorid solution (10 cc. containing i g. platinum) added. 
This is then evaporated to a siriipy consistency, taken up and washed 
about fifteen times with 80 per cent alcohol, three times with ammonium 
chlorid solution, and again fifteen times with alcohol. The precipitate 
is then washed through the filter with hot water into a platinum dish^ 
evaporated on the steam bath to dryness and heated in an air oven at 
no° C. for an hour, cooled in a desiccator, and weighed. Duplicate 
samples should not differ more than 1.5 mg. in the final weight. 

A correction must be made for the amount of potassium in the reagents 
which is found by making a blank determination, using no soil. 

(Ammonium chlorid solution is made by dissolving 200 g. NH4CI in 
1000 cc. water and saturating with K2PtCl6.) 

Calcium. Five grams of soil (or less if high in calcium) are decom- 
posed by heating with 10 g. of sodium peroxid in an iron crucible, 
taken up with water and hydrochloric acid and made up to 500 cc., as 
for phosphorus. After being allowed to settle over night, 200 cc. of the 
supernatant solution are heated to boiling and precipitated from the 
hot solution with ammonia. The precipitate is filtered out on a 15 cm. 
filter and washed with hot water until but a slight test for chlorids is 
given with silver nitrate. The filtrate is again evaporated to dryness 
and heated (to dehydrate any remaining silica), taken up with water 
and hydrochloric acid, brought to a boil, and ammonia added to pre^ 
cipitate any remaining aluminum. The precipitate is filtered out on a 
small filter and washed with hot water. It should not be washed more 
than necessary to remove the chlorids, as the wash water carries alumi- 
num through into the filtrate. On heating this filtrate and allowing it 
to stand over night, more aluminum may be found to precipitate out. 
All of the aluminum must be removed by repeated precipitations. The 
solution is then made slightly alkaline with ammonia, brought to aboil, 
and to it is added slowly, while it is being stirred, enough concentraied 
animonium o.xalate solution to precipitate the calcium and to change 
the magnesium to the oxalate. After boiling until the precipitate has a 
granular appearance, it is allowed to stand three hours or longer, de- 
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canted into a filter, and washed twice by decantation. The precipitate in 
the beaker is then dissolved with a few drops of hydrochloric aciil, a 
little water added, and the calcium reprecipitated, boiling hot, by adding 
ammonium hydroxid to slight alkalinity, A little ammonium oxalate 
is added, the solution allowed to stand as before, and filtered through 
the same filter; washed free from chlorids with hot water, the filter 
burned and the precipitate ignited in a blast until it ceases to lose weight, 
and weighed as calcium oxid (CaO). 

Calcium may be determined from the filtrate of the iron and aluminum 
precipitates in the phosphorus determination. .More care should I)e 
taken, however, to wash the iron and aluminum precipitates free from 
chlorids than is necessary when phosphorus alone is to be determined. 
This filtrate must be run to drjmess, and the silica dehydrated, then the 
procedure continued as given above. 

Magnesium. The filtrate from the calcium determination is concen- 
trated to about 50 cc. Then i g. ammonium persulfate is added, and 
the solution boiled for 3 minutes to precipitate manganese. After fil- 
tering the filtrate and washings are evaporated to dryness on the water 
bath and ammonium salts expelled by careful heating. The residue is 
taken up with 20 to 25 cc. hot water and about 5 cc, hydrochloric acid. 
After it has stood until all that will has gone into solution, it is made 
slightly ammoniacal and heated on the steam bath (or allowed to stand 
over night), filtered, wa.shed with distilled water, and the filtrate and 
washings evaporated on the water bath to about 50 cc. If, as is 
sometimes the case, a precipitate forms on standing, this must be 
filtered out, washed, and the filtrate again eva])oratcd to about 50 cc. 
It is then made acid and enough acid sodium phosphate added to 
precipitate all of the magnesium. While it is vigorously stirred, care 
being taken not to strike or rub the sides of the beaker, enough 
ammonia is slowly added to make it distinctly alkaline. It is then 
allowed to stand half an hour, 10 cc. of strong ammonia slowly added 
while it is again stirred vigorously, covered closely to reduce escape of 
ammonia, and let stand for 12 hours. The precipitate is then filtered 
and washed free from chlorids, using 2I- per cent ammonia water, the 
filter dried, burned at first at a moderate heat, then ignited intensely 
in the blast, and weighed as magnesium pyrophosphate (Mg2l\07). 
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SECTION VI 

COMPOSITION OF SOME EUROPEAN SOILS 

The data relating to the composition of European soils are ver\’ 
incomplete, and the analytical methods used have been far from uniform. 
A good compilation of these data from Germany, France, ‘and the United 
Kingdom is contained in Bulletin 57 (1909) of the United States Bureau 
of Soils, giving principally the results secured by digesting the soils 
with strong acids. This compilation includes no nitrogen determina- 
tions, but the phosphorus, potassium, and calcium are usually given, 
and sometimes the magnesium, chiefly in terms of the oxids. 

In the Rothamsted laboratories, after previous ignition of the soil, 
very strong hot hydrochloric and nitric acids are employed in soil 
analysis, and probably this method is used quite generally in Great 
Britain. If so, the data for phosphorus will closely approach the total. 
In Germany cold hydrochloric acid is the common solvent used, and 
the results thus secured are not comparable with those of England. 

Four analyses by Burguy (Inaug.-Diss. Berlin, 1899) show as an aver- 
age 41,330 pounds of potassium (evidently total) in two million of the 
loess soil of North Germany. (The phosphorus content of this soil is 
not given.) About 450 analyses of German soils are reported in this 
compilation, but for the reason given above they signify but little to the 
student of permanent agriculture. Wohltmann, as Director of the Insti- 
tute for Soil and Crop Investigations, Bonn-Poppelsdorf, in a report 
(1901) on “The Fertility-Invoice of West-German Soils” (“Das Nahr- 
stoff-Kapital West-Deutscher Bbden”), shows that the cold acid which 
he used generally dissolved about one fourth as much potassium froQi 
soils as hot acid (which he also used for additional potassium deter- 
minations), but the proportion varied with different soils from about 
one seventh to one half. A trial with a single soil showed that digestion 
with hot acid for 12 hours, dissolved one third more phosphorus than 
digestion with cold acid for 48 hours ; and numerous other experiments 
have shown that as an average the ordinary 10 hours’ digestion with 
hot hydrochloric acid will dissolve only 85 per cent of the total phos- 
phorus, and with some soils less than one half of the total is thus^dis- 
solved. 

Wohltmann concludes from extended chemical and cultural investiga- 
tions that in West Germany soils which contain less than 1200 pounds 
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(in two million) of phosphorus soluble in cold hydrochloric acid are in 
need of phosphorus fertilizer {“ ersatzbediirftig in Phosphorsiiure”). 

The compiled data from France include about 1550 soil analyses, but 
here also only the plant food dissolved by the acid used is reported, and 
no information is given concerning the strength of acid, time, or tem- 
perature. While these results may have some value for ])urposes of 
comparison among themselves, they are of little or no value for compari- 
son with the total amounts of plant food contained in other soils. Fur- 
thermore this great mass of data relates to the soil of only a few prov- 
inces. There are in all eighty-seven different provinces, or counties, in 
France, and 705 of the soil samples reported upon were collected in the 
one province of Aisne, while 674 others were collected in Pas-dc-Calais 
and Loire-Infcrieure, and 129 more in three other provinces. The 
remaining 42 samples represent six additional provinces, leaving seventy- 
five provinces from which no soil analyses are reported. Practically 
all of the 1550 soil samples were evidently collected about 1890 or 
before, and no information is given in the compiler’s report to show 
whether they are supposed to represent good land or poor land, although 
in one case a single field is represented by analyses of 73 samples of soil. 

In considering the analyses of European soils, it may well be kept in 
mind that there are still to be found areas of “abandoned” land even in 
western Europe, and chemical analyses of these soils are often made 
before attempting to bring them back into agricultural use by means 
of fertilizers and manures. Thus the marked differences in the [)lant- 
food content of different .soils in England may serve best as an index 
of the agricultural history of the farms with respect to the past use of 
bones, guanos, phosphates, etc,, while in America such differences a])ply 
not so much to individual farms, fields, or plots (see Table 73, page 411), 
but rather to types of soil more or less modified in the older States by 
the general and almost invariable practice of gradual soil depletion. 

The data showing the phosphorus content of soils from Great Britain 
make a contribution of probable value, (i) because approximately the 
total amount is reported, and (2) because the soil formation is frequently 
recorded. In the case of Dorset County, the samples apj)ear to have 
been collected in connection with some sort of systematic survey or 
classification, as indicated by the records and also the reference: “Fifth 
Annual Report on the Soils of Dorset, University College, Reading, 
1903,.” 

The compiler has combined the calcium found in limestone (caf- 
cium carbonate) with that reported in. other forms, so that the calcium 
data have too little value to justify their reproduction here. It may be 



636 


APPENDIX 


stated, however, that, of the 286 samples of soil reported below, i2g 
contained an amount of acid-soluble calcium which if present as car- 
bonate would represent 10 tons or more of limestone per acre in the 
plowed soil, and of these about 60 apparently contained more than 50 
tons per acre of calcium carbonate, thus suggesting the British farmer’s 
common appreciation of the importance of having limestone in the soil. 

The following table shows the phosphorus reported for each of these 
286 samples of soil, and the data certainly indicate that Liebig’s ac- 
count of the tendency (even then apparent) toward the accumulation 
of phosphorus in British soil was well founded. As a general average 
of all analyses, it will be seen that the soil of England now contains about 
twice as much phosphorus as the most common Illinois corn-belt land 
(brown silt loam), three times as much as the ordinary wheat-belt soil 
of southern Illinois (gray silt loam on tight clay), and from four to 
fifteen times as much as the depleted or abandoned lands of the Atlantic 
Coastal Plain (such as the Leonardtown loam and Norfolk loam, the 
latter belonging to a series of thirteen soil types already represented by 
surveyed areas aggregating about 10 million acres, of which, however, 
soil analyses have been reported for only two types, as shown in Table 
22, page 138). 

The amount of phosphorus in 2 million pounds of surface soil varies 
in the Gault soils of Kent County from 330 to 2210 pounds ; in the chalk 
soils from 820 (Kent County) to 6800 pounds (Dorset County) ; in the 
Kimmeridge clay from 810 pounds (Cambridgeshire) to 7760 pounds 
(Dorset County); and in the London clay from 460 pounds (Surrey 
County) to 4100 pounds (Dorset County). Contrasted with these vari- 
ations, the records^ of analysis of 555 samples of Illinois soils, in- 
cluding surface, subsurface, and subsoil, show an extreme variation from 
540 to 2780 pounds of phosphorus in 2 million pounds of soil, the late 
Wisconsin yellow-gray silt loam varying from 540 pounds in 2 million 
of the subsurface to 900 pounds in the surface, and the early Wisconsin 
black clay loam varying from 980 pounds in 2 million of the subsoil to 
2780 in the surface. 

^ University of Illinois Agricultural Experiment Station Bulletin 123 (1908), pp. 
262-294. 
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Phosphorus in Soils in the United Kingdom 
Pounds per Acre in 2 Million of Soil (about 6| Inches Dcej)) 


Description and Localitt 
(Original Sample Nos.) 


Description and Localit' 
(Original Sample Nos.) 


Hatley plot (3) ... 

Joint rotation (9) . . 

Burgoyn’s (Univ. Farm) : 
Fields 1 1-13 . . 

Fields 14-15 ... 

Fields 16-17 . . . 

Fields 18-19 . . . 

Bowlder clay: 

Above gault (14) . . 
Above green sand (19) 
Above gault (20) . . 
Above gray chalk (21) 
Gault soils (3) • . • 

( 7 ) • • • 

( 8 ) . . . 


Kimmeridgc clay soils (12) 

(15) 

(17) 

Ampthill clay soils (6) . . 
Oxford clay soils (10) . , 

(ii) . . 

(22) . . 

Lower greensand soils (5) 

(23) 

(18) 

(9) 

( 6 ) 



Cheshire 

3230 

(1) 

(2) 


Cumberland 

3400 

1920 

Rose-bank plot (497) . . . 

(499) . . . 


(501) . . . 

720 


1210 


1920 

Dorset 

790 

Alluvium (38) 


(62) 

1220 

(41) 

990 


930 

Gravel (36) 

890 

(37) 

1220 

(63) 

IIIO 

(64) 

850 


1280 

850 

810 

Bagshot beds (83) .... 

(30) .... 

(40) .... 

(65) .... 

840 

London clay (80) 

1030 

(12) 

1260 

(68) 

1200 

Reading beds (81) .... 

1780 

(n) .... 

2260 

(67) .... 

1720 

(61) .... 

1470 

Junction Reading beds and 

1720 

chalk (39) 
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Phosphorus in Soils in the United Kingdom {Continued) 
(Pounds per Acre in 2 Million of Soil (about 6| Indies Deep) 


Description and Localit 
(Original Sample Nos.) 


Description and Locality 
(Original Sample Nos.) 


England {Continued) 


Dorset {continued) 
Chalk (15) 

(71) 

(99) 

(95) 

(51) 

(94) 

(35) 

(so) 

(16) 

(72) 

(49) 

(21) 

(100) 

(i) 

(98) 

(96) 

(97) 

Greensand (79) . , . , 

(47) .... 

(48) .... 
(2) .... 

Junction greensand and marl 
stone (31) .... 

(25) .... 

Wealden beds (33) . . . 

(32) . . . 
(84) . . . 

(69) . . . 

(22) . . . 

Purbeck beds (27) . . . 

Portland stone (66) . . . 

Kimmeridge clay (3) . . 

* (20) . . 

(42) . . 
(8,S) . . 
(86) . . 


Dorset {continued) 
2620 Kimmeridge clay (87) . 


Coral rag (19) 

<58) 

2700 Calcareous grit (9) . . . , 

Zfo Oxford day („) .... 

^ ; 

59 .... 

52 .... 

3230 (29) .... 

5230 (4) . . . . 

6890 Cornbrash (10) .... 

2*^1° (76) .... 

(28) .... 

2790 Fuller’s earth (18) . . . 

2440 (23) . . . 

(S6) . . . 

Tn (46) . . . 

(90) . . . 

" 53 ° (26) . . . 

2440 

Inferior oolite (91) . . . 

(13) . ■ . 

Junction inferior oolite and 
3750 Midford sands (14) . . 

1310 Midford sands (55) .... 
523c {54) . . . . 

7760 (45) . . . . 

.3310 (5) • • . . 

2090 (92) .... 
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Phosphorus in Soils in the United Kingdom {Continued) 


Pounds per Acre in 2 Million of Soil (about 6| Inches Deep) 


Description and Locality 
(Original Sample Nos.) 

Phos- 

phorus 

(Lb.) 

Description and Loi ality 
(Original Sample Nos. 

PlIOS- 

pnOKiis 

(Lb.) 

England i 

[Continued) 



Dorset {continued) 

Junction Midford sands and 
marlstone (6) . . . . 

(43) • • • • 


Marlstone (7) 

(70) 

(75) 

(78) 


2700 

2790 

4270 

5490 

2880 

4100 


Essex {continued) 
Saffron Walden ( . . 


960 

870 

780 


Tendring 
Thaxted 
St. Osyth 
Yeldhani 


1400 

1130 

780 

1310 


Junction marlstone and lower 


Lias (24) 

2530 

(44) 

3050 

Lower Lias (17) 

3490 

(74) 

4450 

(93) 

4620 

Durham 


Grange Hill plot (116) . . • 

1130 

Shield Ash plot (i) . . • 

790 

(ii) . . . 

1130 

Essex 


Birch 

870 

Bulvan 

870 

Burnham 

1570 

Hedingham 

1400 

f 

1220 

Gosfield 1 

2090 

Orsett 

700 

Ramsden 

! 1920 

Roxwell 

1740 


Hampshire 


Newlands Manor, Lyniington 

(4) ■ 

West Mark, near Petersfield (5) 

1480 

1260 

Isle of Ely 


Black soils : 

White I'cn Bcnwick . . . 

Littleport Fen 

Wryde 

2670 

24S0 

3770 

Loam, Wisbeck Fen .... 

3340 

Clays, Wryde | [ ] ’ ' i 

2300 

3260 

Silts, Wryde 

1950 

Silts, Needham | 

2140 

1670 

Kent 


London clay; 

\\Tiitsablc 

Sheppey 

Chalk soils: 

1 Wye 

1040 

9^0 

1250 
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Phosphorus in Soils in the United Kingdom (Continued) 
Pounds per Acre in 2 Million of Soil (about 6f Inches Deep) 


(Original Sample Nos.) 


Description and Localit' 
(Original Sample Nos.) 


England (Continued) 


Kent (continued) 


Minster, Thanet | ' ’ 

8S0 

820 

Sutton -by-Dover .... 

1670 

Meophara 

1100 

Wye Court | 

2130 

1320 

Wye, S. E. A. C 

1690 

Olantigh 

1570 

Wye 

1540 

Charing 

1890 

East Lenham 

950 

Charing ] 

1150 

^ 1 

1190 

Gault soils; 


Brook 1 

1160 

1 

2210 

Westwell 1 

730 

1 

420 

Charing 

330 

East Lenham 

1050 

Brook 1 

1400 


1140 

East Lenham 

1740 

Hothficld 

1150 

Lincolnshire 


Peaty matter from fens . . . 

2180 

Feti soil (I) 

2270 

(IT) 

1830 

(III). ...... 

1400 


Lincolnshire (continued) 


Marsh soil (I) 

1400 

(II) 

1830 

Farm near Crowland (I) . . 

6710 

(II) . . 

8890 

(HI) . . 

T0800 

(IV) . . 

10500 

(V) . . 

5930 

(VI) . . 

10700 

Norfolk 


Sa.xlingham 

720 

Stanhoe 

500 

Trowse plot 

1400 

Northampton 


Cransley plot (i) .... 

1010 

(2) .... 

1260 

(3) . ■ . ■ 

700 

(4) . . . ■ 

1350 

( 5 ) • . • • 

1210 

(6) .... 

1160 

( 7 ) . . . • 

1240 

(8) .... 

990 

(9) .... 

980 

(10) .... 

1060 

Northumberland 


Cockle Park (unmanured plot) 


(i) 

960 

Miniature Farms (g) .... 

760 

(!)...• 

1050 
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Phosphorus in Soils in the United Kingdom {Continued) 
Pounds per Acre in 2 Million of Soil (about 6^ Inches Deep) 


Description and Locality 
(Original Sample Nos.) 


Phos- 

phorus 

(Lb.) 


Description and Locm.ity 
(Original Sample .Nos.) 


I’llOKUS 

(Lb.) 


Engl.'^nd {Continued) 


Northumberland {continued) 


Surrey 


Miniature Farms (2) 

(3) 

(4) 

( 5 ) 

( 6 ) 


Hanging Leaves (265) 
Castle Steads (267) . 
Davy Houses (266) . 
East Tower Hill . . 

Peepy 

Whitefield .... 
Kimblcsworth (355) . 


Cockle Park; 
Tower Hill . 
Back House . 
Tree Field . 


Pallace Leas Field-plot 


(1) 

(2) 
( 6 ) 
( 8 ) 

(12) 

(1.3) 


Oxford 

Wick. Farm; 

Headington (I) ... 

(II) . . . 

Suffolk 


Bramford . . 
Saxmundham . 


960 

1130 

11,30 

1130 

1050 

520 

610 

700 

1480 

300 

1000 

610 


1050 

850 

610 

870 

700 

520 

520 

520 

440 


430 

1050 


1570 

2160 


London clay: 


Wanborough Station . . . 

570 

Ashtead Common .... 

810 

AVyke 

.330 

Flexford 

580 

Stoughton 

460 

Wanlxirough 

680 

Rayncs Park . . • . . 

850 

Horsley 

Chalk soils: 

1010 

Seale 

1570 

Fctcham 

1 880 

Puttenham 

1450 

Wanborough 

1420 

Sutton 

1200 



800 

Gault soils, Alder Holt | 


650 





780 

Wiltshire j 


Christchurch Allotment Sta- 


tion, Warminster . . . 

2960 

Boreham Road | 

2250 

2620 

Horningsham 

2210 

Hcvtesbury 

3920 

Codford allotment .soil . . . 

4060 

Chitterne allotment soils . . 

7920 

Imber allotment (i) . . . . 

3230 

(2) . . . . 

3510 

Corslev plot 

ir.go 

Clav soil, Warminster . . . 

2220 

York warp soil 

1940 
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Phosphorus in Soils in the United Kingdom {Continued) 
Pounds per Acre in 2 Million of Soil (about 6| Inches Deep) 


Description and Locality 

PlIOS- 

PHORDS 

(Lb.) 

j Description and Locality 

Phos- 

phorus 

(Lb.) 

Scotland 

Lanark 


Argyll 


Cleghorn, near Lanark: 

Plot I 

Plot a 

gio 

1100 

Birgidale Knock, Rothesay . 

Aberdeen 

2130 

Dumbarton 

Drumfork, Helensburgh . . 

3920 

Tarves 

Wester Fin tray, Kin tore . . 

Fedderate, Maud 

Tulloch, Lumphanan . . . 

4190 

2470 

3200 

990 

Nairn 


Kincardine 


Easterboard, Croy .... 

1120 

Fasque, Fettefcairn .... 

1870 

Ireland 

Cork 


Wexford 


Limestone soils, Shanagany . 
Old red sandstone, Killeigh . 

Tipperary 

1290 

1360 

Silurian clay slate soils: 

Bally-Carney 

Clonroche 

1360 

1460 

Limestone soils: 

Rockford 

St. Kieran’s 

1400 

1130 



Wales 

Garden soil 

2670 


Averages of all Samples 

England (269 samples) . . 
Scotland (10 samples) . . 

Irekind (6 samples) . . . 

Wales (i sample) .... 



2230 

2I5» 

1330 

2670 
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SECTION VII 

Agricultural Colleges and Experiment Stations in the United States 
AND Canada 


State or 
Territory 


Alabama . 


Arizona 
Arkansas . 

California . 
Colorado . 

Connecticut 


Delaware . 


Florida . . 


Georgia 


Hawaii . 
Idaho . 
Illinois . 
Indiana . 
Jowa 


Kansas . . 
Kentucky . 


Louisiana . 


Name of School 


Location of 
School 


Address of 
Aoriculti’ral 
Experiment Station 


Alabama Polytechnical 
Institute .... 
Agricultural School of 
the Tuskegce Normal 
and Industrial In- 
stitute . . . . 

Agricultural and Me- 
chanical College for 
Negroes .... 
University of Arizona . 
Unversity of Arkansas . 
B ranch Normal College 
University of California 
The State Agricultural 
College of Colorado 
Connecticut Agricul- 
tural College . . . 


Auburn 


Tuskegce Institute 


Normal 
Tucson 
Fayetteville 
Pine Bluff 
Berkeley 

Fort Collins 

Storrs 


Delaware College . . 
State College for Col- 
ored Students . . . 
University of the State 
of Florida .... 
Florida State Normal 
and Industrial School 
Georgia State College 
of Agriculture . . . 
Georgia State Indus- 
trial College . . . 
College of Hawaii . . 
University of Idaho . 
University of Illinois . 
Purdue University . . 
Iowa State College of 
Agriculture and Me- 
chanic Arts . . - 

Kansas State Agricul 
tural College . . . 
State University . . 
The Kentucky Normal 
and Industrial Insti- 
tute for Colored Per- 
sons - 

Louisiana State Uni- 
versity and Agricul- 
tural and Mechanical 

College 

Southern University 
and Agricultural and 
Mechanical College . 


Newark 

Dover 

Gainesville 

Tallahassee 

Athens 

Savannah 
Honolulu 
I Moscow 
Urbana 
Lafayette 


Ames 

Manhattan 

Lexington 


Frankfort 


Baton Rouge 


New Orleans 


.Alabama (College), 
Auburn * 

Alabama (Canebrake), 
Uniontown 


Alabama (Tuskegce), 
Tuskegce Institute 
Alaska, Sitka 
Arizona, 'I’ucson 
Arkansas, Fayetteville 

California, Berkeley 
Colorado, Fort Collins 

Connecticut (Storrs), 
Storrs 

Connecticut (Stale), 
New Haven 
Delaware, Newark 


Florida, Gainesville 


Georgia, Experiment 
Hawaii, Honolulu 
Idaho, Moscow 
Illinois, Urbana 
I Indiana, Lafayette 


Iowa, Ames 

Kansas, Manliattan 
Kentucky, Lexington . 


Ixiuisiana (State), 
Baton Rouge 
Louisiana (Sugar), New 
Orleans 

Louisiana (North), Gal- 
houn 
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Agricultural College and Experiment Stations in the United States 
AND Canada {Continued) 


State ok 

Territory 

Name of School 

Location of 
School 

Address of 
Agricultural 
Experiment Station 

Maine .... 

The University of 
Maine 

Orono 

Maine, Orono 

Maryland . . 

Maryland Agricultural 
College 

College Park 

Maryland, College Park 

Massachusetts . 

Princess Anne Acad- 
emy, Eastern Branch 
of the Maryland Agri- 
cultural College . . 

Massachusetts Agricul- 
tural College . . . 

Princess Anne 

Amherst 

Massachusetts, Amherst 

Michigan . . . 

Massachusetts Institute 
of Technology . . 

Michigan State Agri- 
cultural College . . 

Boston 

East Lansing 

Michigan, East Lansing 

Minnesota . . 

The University of Min- 


Minnesota, St. Anthony 


ncsota 

Minneapolis 

Park, St. Paul 

Mississippi . . 

Mississippi Agricul- 

Mississippi, Agricul- 

Missouri . . . 

tural and Mechanical 

College 

Alcorn Agricultural and 
Mechanical College . 
College of Agriculture 

Agricultural College 

Alcorn 

tural College 

Missouri (College), Co- 


and Mechanic Arts of 
the University of Mis- 
souri 

Columbia 

lumbia 

Missouri (Fruit),Moun- 
tain Grove 

Montana . . . 

School of Mines and 
Metallurgy of the 
University of Mis- 
souri 

Lincoln Institute . . 

Montana Agricultural 
College 

Rolla 

Jefferson 

Bozeman 

Montana, Bozeman 

Nebraska . . 

Industrial College of 
the University of Ne- 
braska 

IJncoln 

Nebraska, Lincoln 

Nevada . . . 

University of Nevada . 

Reno 

Nevada, Reno 

New Hampshire 

New Hampshire Col- 
lege of Agriculture 
and the Mechanic 
Arts 

Durham 

New Hampshire, Dur- 
ham 

New Jersey . . 

Rutgers Scientific 

School (The New 
Jersey St. ate College 
for the Benefit of 
Agriculture and the 
Mechanic Arts) . . 

New Brunswick 

New Jersey, New Bruns- 
wick 

New" Me.vico 

New Mexico College of 


New Me.xico, Agricul- 


.Agriculture and Me- 
chanic Arts . . . 

Agricultural College 

tural College 

New York . . 

New York State College 


New York (Corn#li), 


of Agriculture at Cor- 
nell University . . 

Ithaca 

Ithaca 

New York (State), Ge- 




neva 
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Agricultural Colleges and Experiment Stations in the United States 
AND Canada {CotUinued) 


State or 
Territory 


Name of Schooe 


Location of 
School 


Aouress ok 
A c.Kicri.rcKAL 
I'Ai'EKUiKNT Station 


North Carolina . 

The North Carolina 


College of Agriculture 
and Mechanic Arts . 

West Raleigh 


The Agricultural and 
Mechanical College 
for the Colored Race 

Greensboro 

North Dakota . 

North Dakota AgricuL 

Agricultural Collegi 

tural College . . • 


Ohio State University . 

Columbus 

Oklahoma. . - 

Oklahoma Agricultural 


and Mechanical Col- 

Stillwater 


Agricultural and Nor- 
mal University . . . 

Langston 

Oregon . . . 

Oregon State Agncul- 

Corvallis 

tural College . . . 

Pennsylvania 

The Pennsylvania State 
College 

State College 


Universitvof Porto Rico 

San Juan 

Rhode Island . 

Rhode Island College 


of Agriculture and 
Mechanic Arts . . 

Kingston 

South Carolina . 

The Clcmson Agricul- 


turni College of South 

Carolina 

Clemson College 


The Colored Normal, 



Industrial, Agricul- 
tural, and Mechani- 
cal (College of South 
Carolina .... 

Orangeburg 

South Dakota . 

South Dakota Slate 


College of Agricul- 
ture and Mechanic 
Arts 

Brookings 

Tennessee . . 

University of T cnncsscc 

Knoxville 

Texas .... 

Agricultural and Me- 


chanical College of 
Texas 

College Station 


Prairie View State Nor 
mal and Industrial 
College . . . ■ • 

Prairie View 

Utah . . . . 

The Agricultural Col- 

Logan 

lege of Utah . . • 

Vermont . . . 

University of Verrnont 


and State Agricul 
tural College . . • 

Burlington 

Virginia . . . 

The Virginia Agricul- 


tural and Mechanical 
College and Polytech- 
nic Institute . . • 

Blacksburg 


The Hampton Normal 



and Agricultural In- 
stitute 

Hampton 


XiMtIi ('arolina (Col- 
West Raleigh 
North Carolina (Stale), 
Raleigh 


North Dakota, Agrieul- 
lural College 
Chio, Wooster 


Oklahoma, Stillwater 


Oregon, Corvallis 
I’ennsylvania, State Col- 
lege 

I’orto Rico, Mayagnez 


Rhode Island, Kingston 


South ('arolina, Clem- 
son College 


South Dakota, Hrook- 
Teiinessee, Knoxville 


Texas, College Station 


Utah, Logan 


Vermont, Burlington 


Virginia (Crdlcge), 
Blacksburg 

Virginia (Truck), N^or- 
folk 
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Agricultural Colleges and Experiment Stations in the United States 
AND Canada (Continued) 


State or 
Provinces 

Name of School 

Location of 
School 

Address or 
Agricultdral 
Experiment Station 

Washington . . 

State College of Wash- 




ington 

Pullman 

Washington, Pullman 

West Virginia 

West Virginia Univer- 


West Virginia, Morgan- 


sity 

The West Virginia Col- 
ored Institute . . . 

Morgantown 

Institute 

town 

Wisconsin . . . 

University of Wisconsin 

Madison 

Wisconsin, Madison 

Wyoming . . . 

Alberta .... 

University of Wyoming 

Laramie 

Wyoming, Laramie 

University of Alberta . 

Edmonton 

Alberta (Provincial), 
Edmonton 

(Dominion), Lacombe 
(Dominion), Leth- 
bridge 

British Columbia 
(Dominion), Agassiz 

Manitoba ... 

Manitoba Agricultural 


Manitoba 


College 

Winnipeg 

(Dominion), Brandon 
(Provincial), Winne- 
Peg 

Nova Scotia . . 

Nova Scotia Agricul- 


Nova Scotia 


tural College . . . 

Truro 

(Dominion), Nappan 
(Provincial), Truro 

Ontario .... 

Ontario Agricultu- 


Ontario 

Quebec .... 

ral College . . . 

MacDonald Agricul- 

Guelph 

(Provincial), Guelph 
(Dominion central), 
Ottawa 

Prince Edward Island 
(Dominion), Char- 
lottetown 

tural College . . . 

St. Anne 

Quebec 

(College), St. Anne 

Saskatchewan 

University of Sas- 


Saskatchewan 


katchewan . . . 

Saskatoon 

(Dominion), Indian 
Head 

(Dominion), Rosthern 
(Provincial), Saska- 
toon 
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Abandoned lands : 
eastern United States, 342, 591 
Maryland, 140 
Rothamsted, 403 
Add, defined, 20 
Add phosphate, 189 
Add salts, 23 
Acidity of soils, 163, 566 
determination, 627 
test, 566 

Acids, common, 24 
Adobe soil, 65 
African soils, 66 
Agdcll field, Rothamsted, 345 
Agricultural colleges in the United States 
and Canada, 643 
established by law, 518 
Agricultural experiment stations in the 
United States and Canada, 643 
established by law, 505, 518 
Agricultural history, two periods, 590 
Agriculture, permanent systems, 159 
Aikman, early use of bones, 324 
Air, composition, 13 
Alabama, field experiments, 494 
soils, 138 
Albite, 47 
Aldehydes, 30 
Alkali, defined, 20 

Alkali salt, fertilizer or stimulant, 364, 
393, 402, 479, 533 
Allyl, 40 
Aluminum, 44 

American agricultural colleges and experi- 
ment stations, 643 
Amids and amido group, 37 
Araraonification, 195 
Ammonium sulfate, 525 
Analysis of animal and plant products, 
157, 602 

Analysis of soils, 626 
Analyzing, and testing soils, 565, 626 
Animal and plant products, composition, 
157, 602 
Animal fats, 35 


Animals destroy organic matter, 199 
Anorthite, 47 

Appearance of soils and crops in relation 
to fertility, 572 

Arid and semiarid sections, rainfall records, 
580, 582 

Arid soils, 126, 129, r39 
Arkansas soils, 97 
Asbestos, 49 
Ashes, composition, 602 
fertility experiments, 508, 511 
Asiatic soils, 66, 67 

Association, National Fertilizer, report on 
raw phosphate, 292 
Atom, defined, 3 
Atomic bond, 4 
Atomic weight, defined, 3 
Atomic weights, table, 10 
Available plant food, 107, 314, 366 

Bacteria: 
denitrifying, 439 
nitrifying, 195 
nitrogen-fixing, 207 

nonsymbiotic, or “free-living,” 225, 437 
Barley: 

Canadian experiments, 505 
composition, 603 
Rothamsted experiments, 378 
statistics, 616 

Barn field, Rothamsted, 398 
Barren soils, 63, 367 
Base, defined, 20 
Basic slag phosphate, 192 
Beans, composition, 417, 603 
fertility loss, 550 
Bond, atomic, 4 
Bone meal, 157, 185 

Bones and other phosphates used in Eu- 
rope, 324 

Bottom land soils, 62, 120, 138 
Bradley’s soil fertility theories, 300 
Bran, wheat, composition, 41, 604 
Breathing pores, 29 
Broadbalk field, Rothamsted, 363 
647 
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INDEX 


Bulbs, composition, 604 
Bureau of Soils, United States Department 
of Agriculture; 
pot cultures, 513 
soil analyses, 136 
soil fertility theories, 313, 362, 367 
soil surveys, 114 
Butter, composition, 154 
statistics, 623 

Cabbage, composition, 604 
experiments, 266, 278 
Cake, oil, composition, 604 
fertility loss, 205 
statistics, 626 
Calcium, 43 
Calcium cyanamid, 526 
Calcium determination, 632 
Calcium nitrate, 526 
California soils, 102, 138 
Canadian colleges of agriculture, 646 
experiment stations, 505, 646 
field experiments, 505 
soils, 103, 507, 559 
Carbohydrates, 30 
Carbon, 26 
Carbon cycle, 32 
determination, 628 
fixation, 29 

supply as plant food, 33 
Carbonates, 50 
determination, 628 
loss by leaching, 51, 174 
test, 567 

Carrots, composition, 604 
field experiments, 511 
Casein, 41 

Central states soils, 77, 138 
Cereal seeds, composition, 154, 603 
Chaff, composition, 603 
Chemical action, 3, 107, 194, 562 
Chemical elements, 10 
Chemistry, defined, i 
organic, 30 

China, agricultural conditions and prac- 
tices, 335 

Chinese philosophy, 594 
Chlorin, 44 
Chlorophyll, 43 

Clarke, on composition of earth’s crust, 13 
Clay, 50, 55 

Clover, composition, 75, 154, 417, 603 
Clover sickness, 312, 406 
Coal ashes, composition, 602 
Coastal plains soils, 117, 138, 139 
Cobs, corn, composition, 603 
Colleges of agriculture, 51S, 643 
Colorado soils, loi 


Combining weights of elements, 3 
Commercial fertilizers, 517 
Commercial plant food materials, 157 
Common elements, 13 
Common functions of elements, 45 
Composition of animal and plant products, 
157, ‘602 

Compound, defined, 2 
Connecticut, investigations with legumes, 
219 
soil, 138 

Corn, composition, 13, 75, 154, 603 
cost per bushel, 585 
record yield, 619 
statistics, 606 

Corn cobs, composition, 603 
Cotton, composition, 154, 497, 603 
statistics, 624 
Cotton seed, r54, 525, 603 
Cotton-seed meal, 525, 604 
Condition of soil, 576 
Conservation of soil moisture, 577 
Coral limestone soil, 65 
Creelman, on farming in Southern Europe, 

329 

Crimson clover tops and roots, composi- 
tion, 221 

Critical periods in plant life, 538 
Crop residues, 199 
statistics, 605 
stimulants, 533 
yields (see also statistics) : 

Asia, 334 
Europe, 326 
Kansas, 330 

Crops, composition, botanical, 393 
chemical, 154, 417, 418, 602 
Crysolitc, 47 

Curie and Gleditsch, on transmutation of 
elements, ii 
Cyanamid, 526 

Czapek, on availability of plant food, 109 

Decandolle’s soil-fertility theories, 310 
Decay of organic matter, 195 
Delaware investigations with legume 
plants, 221, 222 
Denmark, wheat yield, 614 
Dentrification, 439, 502 
De Saussure’s discovery of mineral plant 
food, 307 

Digestion coefficients for organic matter, 
199, 206 

Dolomitic limestone, 169 • * 

Drainage reclamation possible in the 
United States, 583 
Dry farming, 579, 581 
Dyer, on manure used in England, 324 
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Earth’s crust, 13, 46 
Eastern states soils, 72, 75, 138 
Element system for reporting analyses, 
565. 599 

Elements in air, ocean, and earth’s crust, 

13 

of plant growth, 12 
the more common, 13 
transmutation, ii 
English soils, 637 
Equilibrium in nature, 62 
Essential elements of plant food, 12 
European crop yields (see also statistics), 
326 

European soils, 634 

Experiment stations in the United States 
and Canada, 643 
established by law, 505, 518 

Factors in crop production, 435, 575 
Famines, Indian, 334 
Russian, 333 

Farm manure, composition, 542 

Cambridge University investigation, 205 
Canadian experiments, 508, 51 1 
dried, 545 

English practice, 324 
Illinois exi)criments, 201, 206, 459, 473> 
480 

Japan, human and compost, 594 
Ohio experiments, 204, 256, 442, 448, 

547 

Pennsylvania experiments, 202,423,431 
Rothamsted experiments, 364, 3S0, 300, 
393. 399. 400. 407. 41 1 
Fats, 34 
Felspars, 47 

I'ertility theories, 300, 362, 366, 385, 389 
Fertilizer Association’s re^Kirt on raw 
phosphate, 292 
Fertilizer law, 599 
Fertilizers, commercial, 157, 517 
Fish-scrap fertilizer, 525 
Fixation of plant food by soils, 562 
of carbon, oxygen, and hydrogen, 29 
of free nitrogen, 207, 225, 437 
Flax, composition, 603, 604 
sickness, 319 
statistics, 605 

Florida phosphates, 187, 188, 595 
sand soils, 498 

Formula, chemical, defined, 7 

France, crop yields (see also statistics), 

" 327 

soils, 635 

Fruits, composition, 604 
Functions that are common to different 
elements, 45 


Gas law, 7 

Georgia, field experiments, 489 
soils, 94 

Germany, crop yields (see also statistics), 
326 

soils, 634 

Glacial material, 54 
Glacial soils, 123, 138, 144 
Glycerin, 40 
Gneiss, 48 

Grain farming, 226, 329, 345, 434, 459, 
47'S 4.‘^3 
Granite, 48 
Graphite, 26 
Grass, composition, 603 
digestibility, ii)() 

Green manuring, 109, 218 

Ground limestone and burned lime, 165 

Growth of [>lants, 32 

Hall, on soil-fertility theories, 319, 362, 

3 f>f>, 383 

Hay, composition, 75, 154, 4’7. 4J8, 603 
Hay grown every year, Rothamsted, 31)1 
Hay statistics, G05, 624 
Heat factor in crop prcKluction, 576 
Hellriegers discovery of nitrogen-fixing 
bacteria, 307 

Hill’s view of agriculture, 594 
History of agriculture, 590 
Holland, soil, 63 
wheal yielil, 614 
Home of plants, 376 
Hoos field, Rothamsted, 378 
Hops, composition, 604 
Hornblende, 49 

Hunter’s soil-fertility theories, 302 
Hydrate, defined, 28 
Hydrogen, 28 
Hydroxid, defined, 17 

Idaho, phosphates, 595 
soils, 102 

Illinois, field experiments, 2S3, 453, 476 
pot-culture experiments, 171, 287, 486, 
487 

soils, 82, 138 

India, agricultural conditions, 333 
soils, 66 

Indiana soils, 88 

Inoculation for nitrogen fixation, 21 1 
Intermountain soils, 127 
Iowa, field ex[)erimcnts, 488 
soils, 8() 

Ireland, soils, 642 
Iron, 43. ^9, 73. 75. 106, 603 
Iron sulfate as a fertilizer, 158, 503 
Italian agriculture, 329 
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Irrigation, in India, 333, 583 
possible in the United States, 583 

Japan, agricultural practices, 594 
Jethro Tull’s soil-fertility theories, 300 

Kainit, 530, 535 

Kansas, crop yields (see also statistics), 330 
soils, 138 

Kentucky, pot-culture experiments, 288 
soils, 64, 65, 92, 138 
King, on Japanese agriculture, 594 
on water-soluble plant food, 142 
Kossowitsch, availability of raw phosphate, 
109 

. Land-plaster, 256, 420, 505, 533 
“'Land reclamation possible in United States, 
S «3 

Land values, 586 
Law, constant proportions, 8 
diminishing returns, 374 

gas, 7 

governing sale of fertilizers, 599 
periodic, 9 

solution, 314, 316, 366 
Lawes and Gilbert, source of nitrogen for 
plants, 307 

Leaching, rocks, soils, 49, 51, i74, 413, 556 
plants, 549 
Lecithin, 40 

Legume plants, composition, 154, 218, 604 
inoculation, 210, 218 
nitrogen fixation, 207 
tops and roots, 218 
Legume seeds, composition, 154, 603 
Liberation of plant food, 109 
Liebig’s soil-fertility theories, 308 
Liebig’s view of agriculture, 591 
Life, 29 

Life of soil, 195 

Light factor in crop production, 576 
Lime and ground limestone, 165 
Lime burning, 27 
Limestone, amount to apply, 172 
how to apply, 179 
loss by leaching, 51, 174 
magnesian, or dolomitic, 169 
soils, 123, 147 
spreader, 179 
time to apply, 178 
use in soil improvement, 160 
Limiting factors in crop production, 435, 
575 _ 

Lincoln’s view of agriculture, 592 
Lipman, on dentrification, 439 
Live stock destroy food values, 234 
organic matter, 199 
. Live stock farming, 231, 459 


Loess, characteristics, 54 
composition, 69 
in United States, 68 
Locssial soils, 123, 144, 634 
Losses of plant food, from manure, 200, 

' 546, 547 
from plants, 549 
from soils, 41 1, 413, 556 
Louisiana, field experiments, 495 
soils, 96, 138 

Machine for spreading limestone and 
phosphate, 179 
Magnesian limestone, 169 
Magnesium, 42 

Magnesium determination, 633 
in fertilizer experiments, 171, 364 
Maine field experiments, 275 
Maintenance rations, 33 
Manganese, 44 
Manganese separation, 633 
Mangel-wurzel, composition, 402 
field experiments, 400 
Mann, on the use of raw phosphate, 504 
Manure, losses from exix)surc, 200, 256, 
508. 546, 547 

preservatives and reenforcing materials, 
256, 547 

recovered in live-stock farming, 201 
Manure in culture experiments, 256, 343 
Manures (see farm manure and green 
manuring) 

Marl carbonates, 167 
Marl phosphates, 241 
Maryland, field experiments, 261 
soils, 138, 14 1 
subsoils, 73 

Massachusetts field experiments, 278 
Mellilotus for green manuring, 220 
Mica, 49 

Michigan, investigations with legume 
plants, 2t6, 221 
soils, 97 

Minnesota, soil experiments, 499 
soils, 100, 138 
Mississippi soils, 93 
Missouri soils, 89, 138 
Moisture factor in crop production, 577 
Molecule, defined, 4 
Montana soils, 102 
Mountain soils, 122, 128 

Nascent, defined, 4 . 

National Fertilizer Association report ^in 
raw phosphate, 292 
Nebraska rainfall, 331, 580, 582 
soils, 89 

Nevada soils, loa 
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New Jersey, pot-culture experiments, 439 
soil, 138 

New York, investigation of phosphorus in 
wheat bran, 41 
soils, 75 

Nitrate of calcium, 526 
Nitrate of sodium, 525 
Nitrification, 195 
Nitrogen, 36 

Nitrogen and organic matter, 194 
Nitrogen determination, 629 
fixation by legumes, 207 
by nonsymbiotic bacteria, 224, 405, 
437 

from air and soil, 213 

gain or loss difficult to determine, 499 

in animal and plant products, 154, 602 

in drainage waters, 557, 563 

in fertilizers, 157, 517 

in rain, 309 

in roots and tops of legumes, 218 
in sweet clover, 220 
recovered in live-stock fanning, 201 
retained by animals, 201 
used in different amounts, 374, 423 
used to give crops a start, 21S, 401, 533 
Nitrogenous compounds, 38 
Nomenclature, 19, 565, 599 
North Carolina soils, 138, 142 
North Dakota investigations of flax sick- 
ness, 319 

North Platte, Nebraska, rainfall, 331, 580 
Northern states soils, 97, 138 
Nuclein, 40 

Oats, composition, 75, 154, 603 
statistics, 615 
Ocean, composition, 13 
Ohio, field experiments, 245, 441 
investigations with manure, 547 
soils, 88, 138 

in pot-culture experiments, 513 
Oil cakes, composition, 604 
fertility loss, 205 
statistics, 626 

Oil seeds, composition, 603 
Oils and fats, 34 
Oregon soils, 102 
Organic chemistry, 30 
Organic matter, defined, 30 
decomposition, 195 
loss in digestion, 199 
. methods of supplying, 198 
C'rganic matter and nitrogen, 194 
Orthoclase, 47 
Oxids, defined, 17 
occurrence, 53 
Oxygen, 26 


Pacific coast soils, 102, 130, 138 
Park field, Rothamsted, 391 
“Parrot” instruction, 292 
Pasturing land, 199 
Peat, dried, 524 
Peat soils, 75, 83, 98, 100, 470 
Pennsylvania, field experiments, 263, 420 
investigations with manure, 202, 203 
soils, 76, 142 
Pentosans, 31 

Periodic law of chemical elements, (j 
Permanent systems of agri<'iilturi', 159 
Peter, on soil fertility theories, 339 
Phosphate deposits, 597 
Phosphate ex]H'rimeiits: 

Canada, 505 
Illinois, 283, 304 
Indiana, 2()() 

Reiituckv, 288 
Maine, 275 
Marylanil, 261 
Massac husetts, 27S 
Ohio, 245, 442, 448, 452 
Pennsylvania, 263 
Kliode Island, 296 
Phosphate produelion, 393 
raw roc k and slag must be line ground, 
2,19 

in prac tical agrieultiire, 289, 304 
Phosjehate reiKirt by National I'Vrtili/er 
A.s.soc'iation, 292 
spreader, 179 
supiJy, 397 
Phosphates, 32, 1 86 

low-grade, 1S8, 242, 598 
natural, 32, 186 
used in Kurojx;, 324 
Phosphatic lime.stone, 52 
marl, 241 
slag, 192 

Phosphorus, 40, 32, 183, 236 
Phosphorus com[K)uncls, 1X9 
determination, 630 
in fertilizers, 137, 317 
in plant and animal produc ts, 154, 602 
in wheat bran, 41 
prociuction, 393 
retained by animals, 201 
supply, 507 

use in different forms, 237 
used in Euroix;, 324 
Photosynthesis, 29 
Phy.sical condition of .soil, 576 
Piedmont soils, 121, 138 
Plant and animal products, compoJltion, 
157, 602 
Plant food, 26 
available, 107, 314, 366 
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Plant food, essential, 12 
in crops, 75, 154, 602 
in culture experiments, 236, 343 
in sea weed, 524 
lost from manure, 200, 546, 547 
from plants, 549 
from soils, 411, 413, 418, 556 
Plant food, recovered in live-stock farm- 
ing, 199 . 

retained by animals, 201 

sources and cost, commercially, 157, 517 

value, 154 

water-soluble, 14 1 

Plot experiments for testing soUs, 569, 570 
Potassium, 42 

Potassium chlorid and sulfate, 53 * 
Potassium determination, 631 
Potassium, from sea water, 531 
in fertilizers, 157, 517 
in plant and animal products, 154, 602 
Potassium salts of Germany, 529 
Potato experiments, 384, 447, 511 
Potatoes, composition, 154, 604 
statistics, 605, 6i8 
Prairie soils, 78, 82, 132, 138 
Prefixes in chemical names, 19 
Proportions, law of constant, 8 
Protective agents, 536 
Protein and proteids, 37 

Quartz, 49 

Radicle, defined, 17 
Rain, composition, 309 
Rainfall and drainage records, 309, 377, 
413, 491, 557 , 5 ^ 0 , 582 
Rainfall averages for the United States, 
582 

Rainfall in dry farming sections, 580, 582 
Ramsay, on composition of air, 13 
Ramsay and Cameron, on transmutation 
of elements, ii 
Rate of growth, 32 
Residual soils, 54, 126, 146, 149 
Residues of crops used in soil improve- 
ment, 199 

Rhode Island field experiments, 266 
Rice, composition, 603 
statistics, 619 
Rock weathering, 49 
Roman agriculture, 590 
Root crops, composition, 417, 604 
in Canadian experiments, 51 1 
in Rothamsted experiments, 398 
Root^s and tops of legumes, composition, 
218 

Root tubercles, composition, 215 
size, 212 


Rotation crops grown in experiments : 
Agdell field, Rothamsted, 345 
Illinois, 453 
Louisiana, 495 
Minnesota, 499 
Ohio, 245, 256, 441 
Pennsylvania, 421 

Rotation crops, plant food required, 75 
Rotation of crops and soil fertility, 318, 
339, 362, 3S9, 435, 443 
Rotation systems, 226, 331 
Russia, agricultural conditions, 332 
soils, 66 

Rye, composition, 603 
statistics, 6x7 

Sachs, on availability of plant food, 109 
Salt, common, 535 
defined, 20 
Salt deix)sits, 53, 529 
Sand soils, 80, 98, 100, 138, 468, 498 
Science, defined, r 
Scotland, soils, 63, 642 
Seed factor in crop production, 575 
Semiarid section, rainfall records, 331, 580, 
582 

S6n6bier’s discovery of carbon fixation, 

307 

Shale, 50 

Shutt, on loss of organic matter and nitro- 
gen, 200, 559 

Silicates in earth's crust, 47, 48 
Silicon, 44, 46 
Slag phosphate, 192 
Snow', conuxjsition, 310 
Soaps, 36 
Sodium, 44 

Sodium in fertilizer experiments, 364, 380, 
402, 508 

Soil analysis, methods, 626 
classification, 54, n6 
comiK)sition, 58, 138 
depiction, 556 

by natural agencies, 61 
Soil fertility theories, 300, 362, 366, 385 
formation, 54 
materials, 53 

provinces of the United States, 116 
samples, mcthorl of collecting, 626 
series, 116, 132 
stimulants, 45, 158, 533 
structure, 116 

surveys, 57, 77, 114, 517, 555 
texture, 116 
typ<?s, 55 

Soils of Africa, 66, 67 
Canada, 103 
central states, 77, 138 
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Soils of eastern states, 72, 75, 106, 13S 
Europe, 63, 634 
India, d6 

Northern states, 97, 138 
Rothamsted, 63, 411, 416 
Russia, 66 
South America, 67 
southern states, 92, 138 
Transvaal, 67 
Turkey, 67 

western states, 10 1, 138 
Solution law, 314, 316, 366 
South American soil, 67 
South Carolina, phosphates, 187, 595 
record yield of corn per acre, 619 
Southern states soils, 92, 138 
Spencer, on farming in semiarid region, 

Spillman, on Kansas crop yields, 330 
Spreader for limestone and phosphate, 179 
Starches, 31 

Statistics of agricultural products, 605 

Steatite, 48 

Sterile soils, 63, 367 

Stimulants, 368, 394, 402, 479, 508, 533 

Straw, composition, 157, 603 

Structure of soils, 116 

Success in farming, 384 

Sugar beets, 155, 399, 604 

Sugar statistics, 620 

Sugars, 31 

Sulfates and sulftds, 52 
Sulfur 39, 106, 158 
in rain, 106 
Superphosphate, 191 
Supply and demand of plant food, 59 
Swamp soils, 80, 583 

Sweet clover, content of nitrogen and or- 
ganic matter, 220 
Symliol, defined, 7 

Systems of permanent agriculture, 139 

•Temperature factor in crop production, 
576 

Tennessee, phosphates, 187, 188, 393 
soils, 64, 93, 138, 367 
I’erminations in chemical names, 19 
Terrace soils, 124 
Testing soils, 563, 626 
Texas soils, 93, 138 
Texture of soils, 116 
Thaer’s soil-fertility theories, 302 
Theories concerning soil fertility, 300, 362, 

■ ; 366, 38s 

Timber soils, 79, 133 
Tobacco, composition, 604 
experiments, 288 
statistics, 603 


Transmutation of elements, u 
Transported soils, 54 
Transvaal soils, 67 

Tubercles on roots of legumes, 212, 215 
Tubers, composition, 604 
Tull’s soil-fertility theories, 300 
Turkish soil, 67 
Turnips, composition, 417, 604 
experiments, 346, 399 

Utah, phosphates, 596 
soils, 10 1 

Valence, defined, 4 
Value of land, 586 

Van Hclmonl’s soil-fertility theories, 300 
Van Hisc, on phosphates, 360 
Vegetable fats and oils, 34 
Vegetables, eoiniKisilion, 604 
Vesuvius lava, comiiosition, 67 
Virginia, field results with raw phosphate, 
289 
soil, 138 

Vital processes in plant growth, 33 
Volcanic ash, 67, 138 

Wales soil, 642 
Washington soils, 102 
Water (see moisture) 

Water-solulile plant f<x)d, 141, 313 
Weathering of rocks and soils, 49, 61, 174 
Webster’s vievv of agriculture, 394 
Western states soils, 101, 138 
Wheat, eomixisition, 73, 134, 417, 603 
Wheat bran, comixisition, 41, 604 
Wheal grown every year: 

Canada, 503 
Jethro 'I'ull, 306 
Minnesota, 499 
Rothamsted, 363 

Whitney, on (xitatoes at Rothamsted, 389 
Whitney and Cameron’s soil-fertility theo- 
ries, 313, 362, 367, 383 
Whitson, on loss of phosiihorus from Wis- 
consin soils, 360 

Widtsoe, on arid soils and vegetation, loi 
Williams, on value of manure in China, 338 
Wilson, on aliandoned lands, 342 
Wing, on use of limestone and raw phos- 
phate, 289 

Wisconsin experiments, 216, 221, 289, 560 
soils, 99, 138 
Wood ashes, 331, 602 
Wyoming phosphates, 595 
soils, 102 

Zein, 39 
Zeolites, 50 
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WHEAT 

Wheat Crop of Countries Named, 1903-1907 


Country 

J 903 

(Hu.; 

1904 

(Bu.J 

1905 

(Bu.) 

1906 

(Bu.) 

1907 

(Bu.) 

United Stales . . 

Canada .... 
Mexico .... 

637,822000 

85,271000 

10,493000 

552,400000 

75,213000 

9,393000 

692,979000 

113,441000 

7,000000 

735,261000 

132,705000 

7,000000 

634,087000 

96,606000 

10,000000 

Total No. America 

75.5.586000 

637,006000 

813,420000 

874,066000 

740,693000 

Argentina . . . 

103,759000 

129,672000 

150,745000 

134.O31000 

155,903000 

Total So. America 

I TO. T 1,^000 

155,185000 

160,834000 

151,604000 

178,636000 

Austria-Hungary . 
Belgium .... 
Bulgaria .... 
Denmark .... 
France .... 
Germany .... 

226,721000 

12,350000 

35,551000 

4,461000 

364,420000 

130,626000 

204,406000 

13,817000 

42,242000 

4,302000 

298,826000 

139,803000 

228,138000 

12,401000 

40,736000 

4,083000 

335,453000 

135,947000 

268,675000 

12,964000 

55,076000 

4,161000 

324,919000 

144,754000 

185,059000 

12.000000 

30.000000 
4,000000 

369,970000 

127,843000 

Greece .... 

Italy 

Netherlands . . . 

Norway .... 
Portugal .... 

8,000000 

184,451000 

4,258000 

307000 

8,000000 

8.000000 
167,635000 

4,423000 

212000 

9.000000 

8.000000 
160,504000 

5,109000 

329000 

5.000000 

8.000000 
176,464000 

4,978000 

303000 

9.000000 

8.000000 

177,54300° 

5.000000 
200000 

6.000000 

Roum.ania . . . 

Russia (European) 

Servia 

Spain 

Sweden .... 

73,700000 

551,728000 

10,885000 

128,079000 

5,538000 

53,738000 

622,255000 

11,676000 

95.377000 

5,135000 

103,328000 

568,274000 

11,280000 

92,504000 

5,529000 

113,867000 

450,963000 

13,211000 

140,656000 

6,650000 

42,237000 

455,000000 

8,375000 

100,331000 

5,953000 

Turkey (European) 
England .... 

26,000000 

46,524000 

23,000000 

35,624000 

20,000000 

57,422000 

25,000000 

S7.5S3000 

16,000000 

53,860000 

Total United 
Kingdom . . 

50,321000 

39,082000 

62,188000 

62,481000 

58,275000 

Total Europe . 

1,830,526000 

1,747,262000 

1,803,132000 

1,826,422000 

1,616,086000 

Britisliindia, includ- 
ing such native 
states as report . 
Cyprus .... 

Japan 

Russia (Asiatic) . 
Turkey (Asiatic) . 

297,601000 

2,477000 

9,600000 

69,650000 

35,000000 

359,936000 

2,176000 

10,754000 

44,494000 

35,000000 

283,063000 
2,441000 
18,437000 
68,01 1000 
35,000000 

320,288000 

2,410000 

20,283000 

57,427000 

35,000000 

315,386000 

2 ,000000 
22,932000 
56,000000 
35,ooo«Do 

Total Asia . . 

430,516000 

477,550000 

423,152000 

451,586000 

447,518000 

Algeria .... 
Cape of Good Hope 

Egypt 

Natal 

Sudan (Anglo-Egyp 
tian) .... 
Tunis 

34,035000 

1,755000 

12,000000 

4000 

294000 

7,52300c 

2 5, .484000 
2,000000 
12,000000 
7000 

1 486000 

1 10,51000c 

25,579000 

I 2,000000 

1 12,000000 

> 4000 

I 4S3OOO 

1 5.720000 

34,080000 
2,000000 
12,000000 
' 8000 

542000 

• 4,409000 

31,120000 

2.000000 
12,000000 

6000 

500000 

6.000000 

Total Africa . . 

55,61100c 

1 50,40600c 

' 4 .S. 70500c 

1 53,030000 

51,626000 

Australia .... 
New Zealand . . 

12,768000 

7,60300c 

> 76,488000 
) 8,14000c 

1 56,21500c 

1 0,41100c 

1 70,681000 

t 7,013000 

68,1^5000 

5,782000 

Total Australasia 

20,46100c 

> 84,628000 

, 65,62600c 

1 77,604000 

73,967000 

Grand total . . 

3,180,81300c 

•5,^52.127000 

1 3,320,959000 

' 3,435.401000 

3,108,526000 
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WHEAT— 

Acreage, Production, Value, Price, and Exports of Wheat in the United 
. States, 1849-1909 


Avcr- 

Aver- age 

age ■ fap’ 

Acreage yield Production price 

i .^re bishel. 


Bu. Bushels 

100,485944 

173,104024 

y.Q 151,000006 

1 1.6 212,441400 

I2.I 224,036600 

13.6 260,146000 

12.4 235,884700 

11.6 230,722400 

ii.() 24(>,oo7ioo 


2.3 308,102700 

i.i 202,136000 
0,5 280,356500 

3.0 364,104146 

3.1 420,212400 

3.8 448,756630 

3.1 408,540868 

[0.2 383,280000 


13.0 512,765000 I 

10.4 357.112000 I 

12.4 457,218000 i 

11.1 1 415,868000 j 


Bushels P. cl. 
7..535001 7-5 
17.213133 0.0 

12,646041 8.3 


' 132,570.366 25. Q 

j 04,565703 26.5 

i 15,;,8 o4<)6o I 33.6 
! 11 >,,62 5344 ! 26.2 
I 88,600743 I 2‘'3 


I i 101,012635 37.2 

I 164,283120 I 41-5 


12.5 I 552.300517 

14.5 I 602,070480 

15.5 I 735.260070 

14.0 I 634.087000 

14.0 664.602000 

15.8 I 737,180000 I 


iS 6 ,of /,762 j 34 0 
215,000073 j 4'.4 
234,772516 I 31.4 

202,005 50 « 30.3 

120,727613 18.1; 

i 44,112010 8.0 

' ; 07.6 o<;oo 7 14.1 

) : 146,700425 20.0 

) I 163,043560 25.7 

) I 123,000000 18.5 
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WHEAT — Continued 

Average Yield per Acre of Wheat in the United States, 1898-1907, by States, 
AND Acreage in 1907 


State, or 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1907 

Territory 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Acres) 

Maine .... 

19-5 

22.5 

I 9 -S 

23-9 

25-3 

25-5 

23-3 

23.0 

24.8 

26.2 

8000 

Vermont . . . 

22.5 

22.0 

23-5 

18.7 

18.8 

20.9 

25-1 

18.8 

22.3 

23.0 

1000 

New York . . 

21.2 

18.5 

17.7 

13-1 

16.8 

17.8 

”•3 

21,0 

20.0 

17-3 

416000 

New Jersey . . 

17.4 

14-5 

19.1 

16.8 

16.0 

14.0 

13-3 

16.4 

18.3 

18.;; 

108000 

Pennsylvania 

I 7 -S 

13.0 

I 3 -S 

17. 1 

i 5 -§ 

15.6 

14.1 

17.1 

17.7 

18.6 

1,618000 

Delaware . . . 

13-3 

12.8 

20.3 

18.5 

16.5 

10.2 

14.9 

13.8 

16.0 

20.S 

120000 

Maryland . , . 

15-3 

14. 1 

19-5 

17.2 

14.7 

12.S 

13-4 

16.3 

16.0 

19.0 

777000 

Virtrinia . . . 

I 4 -I 

8.4 

ii.q 

10.9 

5-7 

8.7 

10.2 

11.4 

12.5 

12-5 

655000 

West Vlrffinia . 

13.8 

9-3 

9.8 

lO.q 

7-7 

10.2 

10. 1 

12.3 

12.7 

12.2 

367000 

North Carolina . 

9.2 

6.7 

9.6 

8.7 

S -3 

5-1 

8.6 

6.7 

9.1 

9-5 

560000 

South Carolina . 

10.6 

6.,S 

9.0 

8.8 

S-6 

< 5-5 

8.1 

6.1 

9-3 

8-5 

314000 

Georgia . . . 

lO.O 

6.8 

9.1 

8.2 

6.0 

6.2 

8.8 

6.9 

lO.O 

9.0 

297000 

Ohio .... 

16.9 

14.2 

6.0 

15-3 

17.1 

13-7 

ii-S 

17.1 

20.4 

16.3 

1,882000 

Indiana . . . 

15-6 

9.8 

5-3 

15.8 

16.0 


q.2 

18.3 

20.7 

14.4 

2,362000 

Illinois . . . 

11. 0 

lO.O 

13.0 

17.0 

17.9 

8.4 

13.8 

16.0 

19-5 

18.0 

2,228000 

Michigan . . . 

20.8 

8.4 

7.6 

II. I 

17.7 

iS-S 

9.8 

iS.t; 

13-1 

14-5 

878000 

Wisconsin . . 

18.0 

I 5 -S 

15-5 

16.1 

18.1 

15.0 

15-5 

16.6 

16.3 

14.1 

210000 

Minnesota . . 

15.8 

134 

10.5 

12.9 

13-9 

13-1 

12.8 

13-3 

10.9 

13.0 

5,200000 

Iowa .... 

16.7 

13.0 

15.6 

16.2 

12.7 

T2.4 

T 1.6 

14.2 

15-7 

13-4 

569000 

Missouri . . . 

9.8 

9.9 

12.5 

15-9 

19.9 

8.7 

17.7 

12.4 

14.8 

13-2 

2,213000 

North Dakota . 

14.4 

12.8 

4.9 

13-1 

iS -9 

12.7 

11.8 

14.0 

13.0 

lO.O 

5.51300° 

South Dakota . 

12.4 

10.7 

6.9 

12.9 

12.2 

13.8 

9.6 

13-7 

13-4 

11.2 

2,900000 

Nebraska . . . 

16.4 

10.3 

12.0 

17.1 

20.9 

1 5-7 

13.6 

19.4 

22.0 

i8.i 

2,535000 

Kansas . . . 

14.2 

9.8 

17.7 

18.5 

10.4 

14.1 

12.4 

13-9 

iS-i 

11.0 

5.959000 

Kentucky . . . 

15-4 

9.1 

13.0 

12.1 

9-3 

8.4 

11.4 

”•3 

14.1 

12.0 

734000 

Tennessee . . 

13.2 

8.7 

9.9 

10.8 

7.2 

7-1 


7.2 

12-5 

9-5 

779000 

Alabama . . . 

12.0 

7.6 

9-5 

8.7 

6.0 

9.1 

10.3 

9.6 

1 r.o 

10.0 

89000 

Mississippi . . 

’ 3'0 

7-7 

9.6 

8.8 

8.0 

8.0 

8.8 

10.8 

10. 0 

11.0 

2000 

Texas .... 

14.8 

11. 1 

18.4 

8.9 

9.0 

13-4 

10.7 

8.9 

”•5 

7-4 

380000 

Oklahoma . . 

14.9 

‘ 3-3 

19.0 

16.4 

11.1 

14.9 

11.7 

8.2 

14.0 

9.0 

959000 

Arkansas . . . 

II.O 

8.6 

10. 1 

8.8 

9.1 

7.0 

10.1 

7-9 

10.8 

9-5 

• 

154000 

Montana . . . 

29-5 

2 .S -7 

26.6 

26.5 

26.0 

28.2 

23-9 

23.S 

24.0 

28.8 

139000 

Wyoming . . . 

23-7 

18.8 

17.6 

24-5 

23-5 

20.9 

22.1 

25-4 

28.7 

28.5 

30000 

Colorado ... 

26.3 

23-7 

22.6 

24.1 

18.0 

26.6 

22.8 

25-0 

32-5 

29.0 

293000 

New Mexico . . 

33.8 

13.8 

21.0 

2I-S 

17.1 

18.4 

12.8 

22.2 

25.0 

24.0 

46000 

Arizona ... 

31-7 

1 5-3 

14.6 

21.8 

18.7 

25-3 

2S-S 

24.4 

25.2 

25-9 

15000 

Utah .... 

28.0 

20.7 

20.9 

20.5 

21.2 

22.6 

26.6 

26.4 

27.4 

28.8 

161000 

Nevada ... 

29.0 

iS.o 


25-1 

27.1 

27.6 

26.2 

27.0 

31-5 

32.0 

30000 

Idaho .... 

31.0 

24.2 

20.8 

21.2 

22.1 

21.1 

22.9 

28.2 

24.4 

25-3 

342000 

Washington . . 

24.2 

22.7 

23-5 

29.1 

22.2 

20.3 

22.2 

24.6 

20.8 

26.0 

1,349000 

Oregon . . . 

20.5 

19.2 

13.8 

21.1 

20.0 

18.2 

19.0 

18.6 

20.0 

23-4 

651000 

California . . 
General avenage 

9.1 

14.1 

10.3 

13.0 

10.9 

11.2 

10.8 

9-3 

17.1 

15.0 

1,368000 












or total 

15-3 

12.3 

12.3 

15.0 

14-5 

12.9 

12.5 

I 4 -S 

.S- 5 j 

14.0 

45,211000 
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INTERNATIONAL TRADE IN WHEAT, INCLUDING WHEAT FLOUR, 

1902-1906 

Exports 


Country 

Year 

Begi.n- 

NING 

1903 

(Bu.) 

1903 

(Bu.) 

1904 

(Bu.) 

190.3 

(Bu.) 

1906 

(Bu.) 

Argentina . . . 

Jan. I 

25,672368 

65,421537 

90,115119 

1 12,718476 

89, 1 28802 

Australia . . . 

Jan. I 

10,799165 

1,489763 

r8, 8 50 1 66 

32,506453 

38.87.8679 

Austria-Hungary . 

Jan. I 

5-534270 

5,532485 

3,984780 

3.630650 

4,059153 

Belgium .... 

Jan. I 

13 .''^<'P 599 

13,.362790 

18,217507 

i 8,4<)6O20 

18,030378 

British India . . 

Apr. I 

21,389010 

50,684276 

83,128272 

37,483073 

32.213417 

Bulgaria . . . 

Jan. I 

9,320644 

13,185710 

20,286368 

17,508259 

11,037613 

Canada .... 

Jan. I 

39,820238 

24,452019 

21,1 10205 

48,566652 

42.224469 

Chile 

Jan. I 

1.043883 

2,270728 

3,146416 

706(132 

' 706(132 

Cermany® . . . 

Jan. T 

4,044662 

7.9.S6750 

8,640465 

10,5127(15 

10,350(141 

.Netherlands . . 

Jan. I 

37.349804 

40,218462 

41,268227 

. 53 , 95 '447 

33,62()2()0 

Roumania . . . 

Jan. I 

34,715888 

31,860939 

26,7 18608 

65,246599 

'65,2,16599 

Rus.sia .... 

Jan. I 

114,872260 

158,064833 

'7 1 , 334 182 

181,759796 

2137,130302 

Servia .... 

Jan. I 

1,875580 

2,016358 

3,098326 

3,520627 

3.365644 

United States . . 

July I 

202,905598 

120,727613 

44,1 120 10 

97,600007 

146.700424 

Other countries . 

— 

14, 409026 

9.31 '.307 

10,055245 

'3, "6253 

2 14.227728 

Total . . . 

— 

537,732995 

546,555579 

1 

587,966975 

697,333027 

64((,(J27 i 6 i 


Imports 


Belgium .... 

Jan. I 

57,507743 

59.797102 

64,160454 

64,976813 

68,178372 

Bra^.il .... 

Ian. I 

10,845841 

12,1201.80 

' 3 . 74535 ' 

' 4,')83303 

16,303441 

Denmark . . . 

jan. I 

5,(865624 

5,467021 

S. ^ 7^203 

4,69136/ 

5,()4H7 o 8 

Finland .... 

Jan. 1 

3.0260S7 

3,442443 

3.413761 

3,580581 

.3.966877 

France .... 

jan. I 

10,509786 

18,516169 

8,625293 

7,347185 

11,732007 

Germany 2 . . . 

Ian. I 

77,822604 

72,501263 

75,436433 

85,136923 

74.873885 

Greece .... 

tun. I 

6,396218 

6,207668 

5,207403 

5,863742 

7,924950 

Itaiy 

Jan. 1 

43 , 33011)0 

43,1747" 

29,670497 

43,104199 

50,541670 

Japan .... 

Ian. I 

2,427147 

9,164759 

6,702045 

7,873865 

5,622967 

Netherlands . . 

Jan. I 

55.752861 

58,552533 

58,916277 

70,380247 

54,678154 

Portugal . . . 

Jan. I 

336955 

2,748269 

3,28229.8 

4,672573 

‘4,672573 

Spain .... 

Jan. I 

2,620395 

3.,363238 

8,253950 

35,502385 

20,040928 

Sweden .... 

Jan. I 

7,953342 

8,658924 

8,44639s 

7,515498 

8,21674s 

Switzerland . . 

jan. I 

15,226501 

16,324627 

1 17,220343 

16,158553 

1 6, 1 96009 

United Kingdom . 

Jan. T 

200,577004 

G17, 100937; 

219,713497 

2 12,089481 

208,920370 

Other countries 

— 

43,509254 

1 58,579453 

47.873864 

49,518455 

•’49.598374 

Total . . . 


543,708452 

595,728326 

576,041073 

633.'39537 o 

607,1 16030 


Year preceding. 

Not including free ports prior to March i, 1906. 
' Preliminary. 
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WHEAT — Continued 

Quantity and Percentage or Exports of Domestic Wheat, 1907 and 1908, ny 
Leading Ports 


Customs District 

Year ending June 30 — 

1907 

1908 (Preliminary) 

Bushels 

Per Cent of 
Total 

Bushels 

Per Cciu 
of Total 

New York 

18,679225 

24.4 

21,478019 

21 , 

Puget Sound 

6,012732 

7.8 

14 699237 

MT 

Willamette 

7,198844 

9.4 

13.411581 

134 

Philadelphia 

8,391450 

II.O 

12,357077 

12. 

Baltimore 

5.026578 

6.6 

8,763989 

8.7 

Galveston 

14,172021 

18.5 

8,112828 

8.1 

Boston and Charlestown 

2,622505 

3-4 

5,261870 

5 '3 

New Orleans 

5,496935 

7.2 

S.020235 

5-0 

Duluth 

1,940582 

2-5 

3.845004 

3-8 

All other 

7.028551 

9.2 

7,262321 

7 '3 

Total 

76,569423 

100.0 

100,212161 

100.0 


Average Yield of Wheat in Countries Named,* Bushels per Acre, 1898-1907 


Year 

United 
States ' 

Russia, 
Euro- 
pean - 

Ger- 
many 2 

Austria * 

Hungary 
Proper * 

France 1 

UniTI'.I 

Kinc,- 

Average (1888 to 1897) 

T2.8 

8.4 

22.7 

15.6 

17.9 

17.6 

30.1 

1898 

L 5-3 

9.6 

27.2 

18.0 

17.1 

21. 1 

35-8 

1899 

12.3 

8.7 

28.4 

19.0 

17.8 

21.2 

33-8 

1900 

12.3 

8-3 

27.9 

iS-S 

16.9 

19.2 

29.5 

190 1 

15.0 

8.1 

23-5 

16.7 

I 5 -I 

rS .5 

31-9 

1902 

14-5 

II. I 

303 

ig.o 

20.7 

20.2 

33.9 

1903 

12.9 

10.6 

2Q.2 

17.8 

19.0 

22.8 


1904 

12.5 

11-5 

29-5 

19-5 

16.3 

19-3 

27.8 

1905 

14-5 

TO.O 

28.5 

19.6 

18.7 

20.8 

33’9 

1906 

» 5-5 

7-7 

3 o '3 

20.2 

22.5 

20.2 

34-7 

1907 

14.0 

7-9 

29.6 

18.0 

15-1 

23.2 

35-0 

Average (189S to 1907) 

' 3-9 

9 ^ 

2S.4 

18.3 

17.9 

20.8 

32.0 


* Winchester bushels. * Bushel of 60 pounds. 

*For the ten years, 1886 to 1895, the average yield of wheat was 27.7 tushel^- 
per acre in Holland, and 37.3 in Denmark; and for the succeeding ten-year period 
1896 to 1905, the average yield in Holland was 31.2 bushels, and in Denmark 40.1 
bushels per acre, with only two years below a 40-bushel average (35.2 bushels ir 
1898, and 29.2 in 1901). — C.G.H. 
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OATS 


Oat Crop of Countries Named, 1903-1907 



1903 

1904 

1905 

1906 

1907 

Country 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

(Bu.) 

'nited States . . 

784,094000 

894,596000 

953,216000 

964,905000 

754,443000 

Canada .... 

211,192000 

208,024000 

234,099000 

251,194000 

210,869000 

dcxico .... 

13000 

iSooo 

17000 

17000 

17000 

Total North 






America . . 

995,299000 

,102,638000 

1,187,332000 

1,2 1(1,1 16000 

()65, 329000 

Austria .... 

128,330000 

109,61 1000 

123,880000 

154,551000 

170,657000 

lungary proper . 

87,334000 

62,775000 

78,009000 

87,733000 

7(), 484000 

.... 

400,166000 

257,81 1000 

269.581000 

256,()4300 o 

314,132000 

iermany . . . 

542,432000 

477,852000 

451,017000 

580,875000 

630,324000 

Russia (European) 
Jrcat Britain — 

728,049000 

,065,068000 

851,667000 

633,291000 

84,102000 

820,621000 

England . . . 

85,400000 

86,728000 

76,453000 

04,707000 

Scotland . . . 

36,379000 

37,034000 

36,300000 

35,108000 

36,05(1000 

Wales .... 

6,832000 

7,66 TOGO 

7,264000 

8,063000 

7,875000 

Ireland .... 

58,816000 

60,142000 

60,754000 

62,75 >000 

60,080000 

Total United 






Kingdom . . 

187,427000 

191,565000 

180,861000 

190,024000 

11)8,718000 

Total Europe . 

2,268,425000 : 

2,402,641000 

2,203,007000 

2,222,575000 

2,493,532000 

Russia (Asiatic) . 

71,734000 

59, 1 35000 

84,005000 

79,7 13000 

85,1 7(1000 

Total Asia . . 

72,215000 

59,552000! 

85,307000 

80,072000 

85,57(1000 

Total Africa . . 

12,116000 

14,301)000 

12,077000 

1 2,4 18000 

1 2,008000 

Australia .... 

7,527000 

18,094000 

9,064000 

10,805000 

14,041000 

New Zealand . . 

22,452000 

15.583000 

15,012000 

13,108000 

11,555000 

Total Australasia 

29,970000 

33,677000 

24,076000 

23.013000 

25,59(1000 

Grand total . • 

3,378,03400oj3,6i 2,8 1 7000 

3,512,849000 

3..5 .5 5.094000 

|3, 582,04 1000 


Average Yield of Oats in Countries Named, 1898-1907 

Bushels per Acre 


Year 

United 
States ^ 

Russia, 
Euro- 
pean 2 

Ger-_^ 

-Austria - 

IIUNT.ARY 

Proper ^ 


rMTU> 
Ki.s'i- 
DOM ' 

-Average 

(1S88 to 

1897) 

25-7 

16.8 

36.9 

23-9 

25 -3 

2g.2 

43-' 

189S . 



28.4 

16.2 

47.1 

274 

30.2 

29.0 

46.1 

1899 • 


. . 

30.2 

23-1 

48.0 

30.2 

33-3 

27.8 

44,2 




29.6 

20.0 

48.0 



25-7 

43-S 

IQOI . 



25.S 

14.4 

44.6 

25.6 

28.1 

235 

42.9 

igo2 . 



34-5 

21.8 

50-1 

27-7 

34-0 

29.2 

48.3 




28.4 

17.7 

51.2 ^ 

28.3 

34-5 

31.6 

44.2 

1904 . 

1905 . 



32.1 
34-0 

31.2 

257 

20.2 

46.2 

43-6 

24-3 

25.6 

3>-i 

27.2 

28.6 

44.2 

43-9 

1906 . 



1 5.1 

55.7 

i 34-1 

34-3 

27.0 

46.1 

1907 



23-7 

19.7 

58.2 

i 35-7 

29 7 

31.8 

45 I 

■Average (1898 to 

1907) 

29.8 

19.4 

■ 49-3 

28.6 

30-9 

28.1 

44-7 


‘ Winchester bushels. ^ Bushels of 32 pounds. 
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Barley Crop of Countries Named, 1903-1907 


Country 

1903 

(Bu.) 

1904 

(Bu.) 

1905 

(Bu.) 

1906 

(Bu.) 

1907 

(Bu.) 

United States . . 
Canada .... 
Mexico .... 

131,861000 

39,035000 

9,661000 

139,749000 

42,244000 

7,355000 

136,651000 

45,389000 

7,000000 

178,916000 

50,820000 

7,000000 

153,597000 

45,235000 

7,000000 

America . . 

179.957000 

189,348000 

189,040000 

236,736000 

205,832000 

Austria .... 
Hungary proper . 
France .... 
Germany . . . 

Russia (European) 
Great Britain — 
England . . . 

Scotland . . . 

Wales .... 
Ireland .... 

73,873000 

64,577000 

43,345000 

152.653000 

350,486000 

50,628000 

7,739000 

2,981000 

6,076000 

66,815000 

49,915000 

38,338000 

135,409000 

339,717000 

48,511000 

7,408000 

3,077000 

5,478000 

70,469000 

62,453000 

40,841000 

134,204000 

338,836000 

48,778000 

8,257000 

2,906000 

7,181000 

76,024000 

69,747000 

36,538000 

142,901000 

304,276000 

51,543000 
7,803000 
3,1 16000 
7,211000 

78,548000 

63,078000 

45,095000 

160,650000 

344,104000 

51,912000 

7,466000 

2,885000 

6,995000 

Total United 
Kingdom . . 

67,424000 

64,474000 

67,122000 

69,673000 

69,258000 

Total Europe . 

931,758000 

841,070000 

867,392000 

907,895000 

911,451000 

Cyprus .... 

Japan 

Russia (Asiatic) . 

3,969000 

59,737000 

6,984000 

3,122000 

80,794000 

6,538000 

2,980000 

77,436000 

8,130000 

2,778000 

83,968000 

7,763000 

3,000000 
90,544000 
9 , 34 .=; 000 

Total Asia . . 

70,728000 

qo,=;t20oo 

88,596000 

04,558000 

102,939000 

Africa .... 

50,987000 

' 52,097000 

35,703000 

44,102000 

44,205000 

Australia .... 
New Zealand . . 

1,18400c 

1,17200c 

1 2,740000 

> 1,19700c 

1 2,084000 

1 1,164000 

1 1,945000 

1 1,05600c 

2,319000 

i,o68oco 

Total Australasia 

2,356000 

> 3,93700c 

1 ‘3,24800c 

1 3,00 1 00c 

3,387®°'^ 

Grand total . . 

1,235,78600c 

) 1,176,96400c 

> 1,183,97900c 

1 1,286,292000 

1,267,814000 


Average Yield of Barley in Countrif.s Named, Bushels per Acre, 1898-190; 


Year 

United 
States ‘ 

Russia, 

Euro- 

Ger- 
many * 

Austria * 

Hungary 
Proper ‘ 

France 2 

U.virv.i) 

Kinu- 

doaO 

Average (1888 to 1897) 

23.2 

12.6 

27.6 

20.2 

20.,^ 

21-5 

34-4 

1898 

21.6 

14.9 

32.2 

22,0 

23.6 

23-3 

37-4 

1899 

25-5 

10.9 

33-8 

24.9 

24.0 

22.7 

35-8 

1900 

20.4 

II-5 

33-4 

20.2 

20,9 

21.8 

32-7 

1901 

25.6 

II . 2 

33-2 

22.4 

20.0 

21. 1 

32-7 

igo2 . 

29.0 

15-6 

35-0 

24.6 

24.7 

24-5 

37-0 

1903 

26.4 

U 5 -S 

36-3 

24.8 

251 

25.2 

334 

1904 

27.2 

14.4 

33-7 

22.8 

19.8 

22.0 

32-3 

i9°S 

26.8 

14-3 

33-2 

24.0 

24-5 

234 

334 

1906 

. 28.3 

14.1 

35-2 

26.1 

26.8 

20.8 

36.2 

1907 

23.8 

14.2 

38.2 

27-3 

20.7 

24.4 

36-8 

Average (1898 to 1907) 

25-5 

13-7 

34-4 

23-9 

23.8 

22.9 

"ITaP 


^ Winchester bushels. * Bushels of 48 pounds. 
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Rye Crop of Countries Named, 1903-1907 


Country 

1903 

(Bu.) 

1904 

(Bu.) 

1905 

(Bu.) 

1906 

(Bu.) 

1907 

(Bu.) 

United States . . 
Canada .... 
Mexico .... 

29,363000 

3,915000 

136000 

27,242000 

2,995000 

67000 

28,486000 

2,748000 

70000 

33,375000 

2,273000 

70000 

31,566000 

2,002000 

70000 

Total No. America 

33,414000 

30,304000 

31,304000 

35.718000 

33,038000 

Austria-Hungary . 
France .... 
Cermany .... 
Russia (European) 
United Kingdom . 

132,267000 

57,951000 

389,923000 

879,883000 

2,000000 

137,963000 

52,141000 

396,075000 

977,981000 

2,000000 

151,641000 

58,116000 

378,204000 

708,692000 

2,000000 

153,5 '5060 
50,420000 
378,948000 
638,675000 
2,000000 

129,234000 
58,578000 
384, 1 50000 
776,000000 
2,000000 

Total Europe . . 

1,594,370000 

1,681,280000 

1,436,406000 

1,371,881000 

i, 479 .''^ 5 (yo 2 

Russia (Asiatic) 

32,050000 

30,457000 

28,750000 

28,160000 

32,000000 

Total Asia . . 

32,059000 

30,457000 

28,750000! 

28,|(,()000 

32,000000 

Australia .... 
New Zealand . . 

78000 

40000 

131000 

2T000 

j i 

85000 

33000 

04000 

65000 

89000 

43000 

Total Australasia 

1 1 8000 

152000 

1 18000 

r5()0oo 

132000 

Grand total . . 

1,659,961000 

1,742,193000' 

1,496,578000 


1,545,021000 


Average Yield of Rye in Countries Named, 1S98-1907 


(Bushels per Acre) 



Note. The student may well remember that the refnrtcd crop yields, 
acreage, and production are based upon estimates, while the statistics for im- 
ports and exports are based upon definite data. In census years the estimates 
are made wdth greater care and detail, but even these are largely estimates. 

In some cases the annual estimates are undoubtedly far from the facts, as is 
strongly suggested by comparing the federal “statistics” with the “statistics” 
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POTATOES 

Potato Crop of Countries Named, 1902-1906 


Country 

1902 

(Bu.) 

1903 

(Bu.) 

1904 

(Bu.) 

1905 

(Bu.) 

1906 

(Bu.) 

United States . . 

Canada .... 
Mexico .... 
Newfoundland . 

284,633000 

51,206000 

.347000 

1350000 

247,128000 

56,944000 

539000 

1,350000 

332,830000 

55,436000 

527000 

1,350000 

260,741000 

55,257000 

400000 

1,350000 

308,038000 

59,804000 

400000 

1,350000 

Total North 
America . . 

337 , 53^000 

305,961000 

390,143000 

317,748000 

369,592000 

Chile 

11,616000 

10,349000 

6,131000 

6,532000 

6,532000 

Austria-Hungary . 
France .... 
Germany . . . 

Russia (European) 

584,619000 

441,055000 

1,596,969000 

1,028,036000 

544,166000 

426,422000 

1,576,361000 

887,600000 

520,461000 

451,039000 

1,333.326000 

893,908000 

765,117000 

523,876000 

1,775,579000 

1,032,888000 

709,237000 

372,076000 

1.577,653000 

939,717000 

United Kingdom; 
Great Britain . 
Ireland . . . 

119,250000 

101,761000 

108,779000 

88,227000 

133,961000 

98,635000 

140,474000 

127,793000 

128,005000 

99,328000 

Total United 
Kingdom 

221,01 1000 

197,006000 

232,596000 

268,267000 

227,333000 

Total Europe . 

4,280,644000 

4,038,566000 

3,843,081000 

4,779,590000 

4,305,313000 

Japan .... 
Russia (Asiatic) . 

7,418000 

13,142000 

9,824000 

19,364000 

11,274000 

18,800000 

16,255000 

18,865000 

16,255000 

16,481000 

Total Asia . . 

20,560000 

29, 1 88000 

30,074000 

35,120000 

32,736000 

Total Africa . 

3.884000 

3,541000 

4,048000 

4,071000 

4,138000 

Australia . . . 
New Zealand . . 

12,039000 

7,721000 

14,973000 

7,215000 

16,777000 

7,795000 

11,071000 

5,025000 

10,016000 

4,607000 

Total Australasia 

19,760000 

22,188000 

24,572000 

16,096000 

14,623000 

Grand total . . 

4,674,000000 

4,409,793000 

4,298,049000 

5,159,157000 

4,732,934000 


from some of the states which have crop-reporting boards, such as the Illinois* 
State board of Agriculture and the Iowa Weather and Crop Service. Thus in 
1907, Illinois produced, according to the federal report, more than 40 million 
bushels of wheat, but less than 25 million bushels by the state report. In 1908 
the federal estimate gave Illinois 9,450,000 acres of corn, while the state report 
was 6,780,000 acres. The same year the state of Iowa claimed to produce 
only 4,968,250 bushels of wheat, but in the federal report Iowa receives credit 
for 8,068,000 bushels. These are extreme variations, but they should serve 
to emphasize the fact that crop “statistics” should not weigh heavily as 
against actual data, such, for example, as the records of the long-continued 
field experiments of Rothamsted, Pennsylvania, etc. 

On the other hand, the United States crop statistics are probably as good as 
those from any nation ; and, while gross errors may appear in specific instances, 
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RICE 

Rice Crop of Countries Named, 1902-1906 

[Mostly cleaned rice. China, which is omitted, has a roughly estimated crop of 50,000,000,000 to 
60,000,000,000 pounds. Other omitted countries are Afghanistan, .M.gcria, Bra/.il, Colombia, 
Federated Malay States, Madagascar, Persia, Russia (Asiatic), Trinidad and Toliago, I'urkey 
(Asiatic and European), Venezuela, and a few other countries of small production.) 


Country 

1903 

1903 

1904 

190 .S 

190(1 

(Lb.) 

(Lb.) 

(Lb.) 

(Lb.) 

(Lb.) 

United States : 
(Contiguous . . 
Hawaii .... 
Mexico 

319,400000 

33,400000 

40.000000 

560,800000 

33,400000 

48,700000 

586,oooocx) 

33.400000 

92.000000 

378,000000 

33.400000 

62,000000 

4tj6*, 000000 

33.400000 

62.000000 

Total No. America 

401,600000 

652,000000 

690,. 800000 

4.8j,,Sooooo 

600..S00000 

TotalSouth America 

85,600000 

87,500000 

05,100000 

07,300000 

120,500000 

Italy ! 

Spain 

668,400000 

559.800000 

761,400000 

417,100000 

760.500000 

504,600000 

478,800000 

71*8,600000 

475,400000 

Total Europe . . 

1,038,300000 

1,188.500000 

1,167,500000 

1,166,500000 

1,215,000000 

British India: 

British Provinces . 
Native States . . 
Jap.ancse Empire . 
Total Asia . . , 
Total Africa . . 

72,688,000000 

799,000000 

13,295,300000 

I05.075.zc>oooo 

22,200000 

68,580,000000 

838,000000 

16,809,200000 

104,887,800000 

22,200000 

71,561,000000 

764,000000 

18,65,8,700000 

110,212,200000 

22,200000 

67,916,000000 
640,000000 
14,639,200000 
102,147,000000 
2 1 ,800000 

67,464,000000 

640,000000 

17,185,900000 

104,974,000000 

21,800000 

Grand total . . 

106,626,400000 

106,841,000000 

112,190,800000 

103,919,100000 

10 ( 1 , 943,900000 


they doubtless approximate thh truth as a general rule, and are more iru.st- 
worthy, especially for purposes of comparison, than some slate estimates. 

It should be kept in mind that certain crops, such as wheat, are now quite 
regularly fertilized in some of the Eastern and East Central states. 

Comparison of crop yields in different states is most significant when the 
acreage is also comparable. In 1907 the average yield of wheat ])er acre was 
23 bushels in Vermont and only ii bushels in Kansas; but Vermont raised one 
^Jiousand acres and Kansas raised six million acres, and on many thousand 
acres the Kansas yield may have exceeded 30 biushels jicr acre. In 1905 the 
average yield of corn per acre was 42.7 bushels in Connecticut and only 39.8 
bushels in Illinois; but Connecticut raised only 55,595 acres of corn, while 
Champaign County, Illinois, raised some 200,000 acres of corn, which made an 
average yield of 65 bushels per acre. 

South Carolina is authentically credited with having produced 239 bushels 
of air-dry corn on one acre of land in one season, but the average yield for the 
■state for the 44 years, 1866 to 1909, is, 10 bushels per acre. Even the average 
yieM of corn for the United States has varied from 30.8 bushels per acre, in 
1872, to 16. 7 bushels, in 1901 ; and if these records were interchanged the average 
yield would become the same for tvi^o successive 20-ycar periods, 25.0 bushels 
per acre. 
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SUGAR 

Sugar Production of Countries Named, 1903-1904 TO 1907-1908 

[European beet sugar, as estimated by Licht; United States beet sugar, from reports 01 
Department of Agriculture on the Progress of the Beet-sugar Industry in the United 
States; production of British India (except 1907-1908) and of Formosa and Natal prior 
to 1905-1906 fromofficial statistics; other data, from Willett & Gray. The estimates of 
Willett & Gray do not include the production of China, and some other less important 
sugar-producing countries.] 


Country 

1903-4 

(Tons!) 

1904-5 

(Tons*) 

1905-6 

(Tons*) 

1906-7 

(Tons*) 

1907-8 

(Tons') 

Cane Sugar 

United States: 

Contiguous — 

Louisiana 

Texas 

228477 

19800 

335000 

15000 

330000 

230000 

13000 

335000 

12000 

Noncontiguous — 

Hawaii 

Potto Rico 

328103 

T 30000 

380576 

145000 

383225 

213000 

392871 

210000 

420000 

217000 

Total United States (except 
Philippine Islands) . . . 

706380 

875576 

938225 

845871 

984000 

Mexico 

Cuba 

Total North America . . . 

I 07 S 47 

1,040228 

2,143911 

107038 

1,163258 

2,410477 

107529 

1,178749 

2,545182 

108000 

1,427673 

2,680175 

II5OOO 

1,200000 

2,600000 

Total South America . . . 

601134 

590382 

700001 

610151 

586000 

Total Asia 

2,876671 

3,^33672 

2,926209 

3,455446 

3,4814:: 

Total Africa 

_ 3 S 5 H 7 

251340 

317967 

349000 

270000 

Total Oceania 

1633^ 

21621-3 

230000 

249000 

276000 

Total cane-sugar production 

6, 168791 

6,820676 

6,735081 

7,360172 

7,23347: 

Beet Sugar 

United States 

Canada 

214825 

6710 

216173 

8034 

279393 

11419 

431796 
1 1367 

413954 

79-)4 

Total North America . . . 

221535 

224207 

290812 

443163 

42180: 

Austria-Hungary 

Belgium 

France 

Germany ■ 

Netherlands 

1.167959 

209811 

804308 

1,927681 

123551 

889373 

176466 

622422 

1,598164 

*3655* 

1,509870 

328770 

1,089684 

2,415136 

207189 

1,344000 

283000 

756000 

2,238000 

181000 

1,460000 

235000 

723000 

2,135000 

175000 

Russia 

Other countries 

1,206907 

441116 

953626 
I 33209S 

968000 

415000 

1 1,47000c 
1 445000 

1 1,410000 

1 435 °°g 

Total Europe 

5 ,S 8 i 333 

; 4,708700 

6,933649 

6,71700c 

6,575000 

Total beet-sugar production 

6,102868 

' 4,932907 

7,22446! 

7,160163 

6,oq68o7 

Total cane and beet sugar . 

12,271659 

1 **,753583 

1 13.95954s 

> 14,520335 

14,430374 


* Tons of 2240 pounds, except beet sugar in Europe, which is shown in metric 
tons of 2204.62a pounds. 
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1 Production uncertain; not exceeding quantity stated. 
® Texas. 
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INTERNATIONAL TRADE IN SUGAR, 1902-1906 

Exports 


Country ■ 

Year 

Begin- 

ning 

1903 

(Lb.) 

1903 

(Lb.) 

1904 

(Lb.) 

1905 

(Lb.) 

1906 

(Lb.) 

Austria-Hungary . 

Jan. 1 

1,500,882186 

1,564,437691 

1,125,102823 

1,265,791878 

1,631,529629 

Argentina . . . 

Jan. I 

91,919510 

66,888231 

40,368833 

4,847964 


Belgium .... 

Jan. I 

296,287771 

257,180695 

406,944665 

304,193682 

462,976753 

Brazil .... 

Jan. I 

301,408062 

48,256967 

17,331526 

83,216786 

187,278992 

British Guiana . 

Apr. I 

280,284480 

282,125760 

239,043840 

261,072000 

257,490912 

British India . . 

Apr. I 

55,645520 

57,474592 

57,211504 

64,546944 

58,660896 

China .... 

Jan. 1 

89,945867 

39,890000 

48,787467 

69,228800 

23,106000 

Cuba 

Jan. I 

1,781,561643 

2,118,279646 

2,459,166945 

2,412,915391 

2,643,700975 

Dutch East Indies 

Jan. I 

1,004,371591 

1,907,86794s 

2,318,243282 

2,314.655085 

2,197,208868 

Egypt .... 

Jan. I 

98,521140 

86,469803 

50,620531 

67,821106 

10,495854 

Formosa . . . 

Jan. I 

100,873254 

54,128545 

79,518816 

93,930689 

93,930689 

France .... 

Jan. I 

804,093320 

469,129814 

636,360461 

658,062149 

617,793487 

Germany . . . 

Jan. I 

2,367,596256 

2,249,141034 

1,720,574091 

1,636,803746 

2,671,881051 

Mauritius . . . 

Jan. I 

331,172713 

375,505049 

435,923559 

361,987596 

410,917817 

Netherlands . . 

Jan. I 

310,694069 

287,238939 

403,476558 

215,001603 

356,15701s 

Peru 

Jan. I 

258,738790 

281,482880 

290,916853 

295,935805 

295,935805 

Philippine Islands 

Jan. 1 

217,486869 

188,114307 

191,917567 

239,196273 

285,394747 

Reunion .... 

Jan. I 

50,077330 

107,862584 

80,432029 

41,433135! 

41,43313s 

Russia .... 
Trinidad and 

Jan. I 

288,610934 

540,418988 

398,854898 

220,925074 

206,854118 

Tobago . . . 

Apr. 1 

105,861392 

90,460944 

106,573936 

81,179056 

100,809856 

Other countries . 

— 

617,792000 

609,680000 

569,646000 

901,932101 

952,547723 

Total .... 

— 

11,854,814706 

11,682,034414 

11,677,016184 

11,594,676863 

13,506,338012 


Imports 


Australia . . . 
Britisli India . . 
Canada .... 
Caiic of Good Hope 
Chile .... 

fe ; 

July , 
Jan. 1 

208,551056 

549,868704 

388,370832 

120,365406 

97,002936 

205,026640 

672,147168 

390,544660 

104,629048 

115,467959 

85,108624 

724,262224 

346.752590 

101,468941 

124,139619 

55,923056 

862,453200 

448,962523 

82,805094 

75,610563 

94.137680 

1,090,152784 

423,689614 

87,165626 

75,610563 

China .... 
Denmark . . . 
Egypt .... 
Finland .... 
France .... 

Tin . 

li 

607,880000 

42,051621 

22,844441 

61,752745 

220,187363 

43.5,711467 

77,374516 

16,020000 

72,691465 

288,073883 

509.959200 

82.865127 

45.843510 

71,263531 

179,849557 

626,433333 

76,080072 

86 , 88 o '895 

73,772007 

179,460755 

896,422400 

45,254827 

76,321099 

83,322752 

222,562321* 

Italy 

Japan .... 
Netherlands . . 

New Zealand . . 
Norway .... 

Jan. I 

Jam ; 
Jan. 1 
Jan. I 

47,355501 

351,750533 

248,790655 

84,878074 

82,791956 

14,477532 

523,131067 

201,061002 

88,107686 

83,524155 

4,928873 

547,300400 

208,329129 

91,841944 

76,703054 

11.251729 

289.129733 

167.742700 

89.439230 

77.993596 

31,832317 

104,816933 

118,406076 

03,329376 

80,364138 

Persia .... 
Portugal . . . 
Singapore . . . 
Switzerland . . 

Turkey .... 

Mar. 2 1 
.Tan. I 

167,114080 
63,630016 
9 , 1,27 > 7.33 
180,272161 
273,612826 

170,4122.38 

68,765610 

102,360867 

192,015742 

273,612826 

154,815921 

72,490231 

114,407600 

175.444701 

273,612826 

154,217415 

70,011.189 

117,958267 

192,011994 

273,612826 

154,21741s 

70,011389 

117,958267 

187,653456 

273,612826 

United Kingdom . 
United States . . 
Uruguay . . . 

Other countries . 

Tan. I 
July 1 
July 1 

3,440.232768 

4,216,108106 

43,235210 

312,617000 

3,000,085504 

3,700,623613 

30,034265 

361,562533 

3,409,501648 

3,680,032098 

49.814318 

383,861800 

3,090,597648 

3,979,331430 

33,838445 

587,122591 

3,420,616076 

4,391,839975 

33,838445 

552,306790 

Total .... 


11,024,544723 

11,309,260635 

11.515,588366 

11.711,640491 

12,725,444045 
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BUTTER 

International Trade in Butter, 1902-1906 
Exports 


Country 

Year 

Begin- 

ning 

1903 

(Lb.) 

1903 

(Lb.) 

1904 

(Lb.) 

Argentina . . 

Australia . . 

Austria-Hungary 
Belgium . . . 

Canada . . • 

. Jan. I 

. Jan. I 
. Jan. I 

. Juiyi 

9,094269 

7.777971 

15.5*^9764 

5,643178 

34,128944 

1,175094 

30,901910 

13,728181 

4,492080 

24,568001 

11,672157 

64,788542 

1 ‘,233431 

4,340012 

31,764303 

Denmark . . 
Finland . . . 

France . . . 
Germany . . 
Italy .... 

. Jan. 1 
. Jan. I 

. Jan. I 

153,808614 

21,315888 

53,879727 

4,849727 

13,420636 

76,664571 

22,700563 

59,714576 

2,796343 

14,176381 

176,745565 
26,891 700 
49,842670 
1,766564 

12,375425 

Netherlands 

New Zealand . 
Norway . . • 
Russia . . . 
Sweden . . . 

. Jan. I 
. Jan. I 
. Jan. I 
. Jan. I 
. Jan. 1 

50,413634 

28,447776 

3,015570 

83,463073 

44,213494 

5 1,659 '35 
31,93*872 
2,717219 
90,863488 
44,248776 

52,053041 

35,208320 

3,367075 

87,7057*3 

, 43,144662 

United States . 
Other countries 

. July ‘ 

8,896166 

2,911000 

10,717824 

2,982000 

. 10,071487 

1 2,457000 

Total . . 

. 

540,869431 

596,613867 

■ 628,427787 


1905 1900 

(Lb.) (Lb.) 

11,890040 9,712076 

SS.OOl’S' 75.7^'558^’ 

8,Q44'S' 7>74064S 

3 ,Sooi ;94 8.704^.<2 

34,o3''S25 '^^.243740 

176,081731 i 75 .o 43<’30 

3';.‘35')0’ 33. ‘62 114 

4'b7f<‘5‘'^4 3'), 307325 

1,834907 <)S>5'S 

13,359789 10,746430 

51,162980 56,404861 

34,2.10864 35,86520a 

3,612714 3,281403 

86,966484 114,366238 

40,636298 35,712817 

27.360537 ‘ 2,544777 

3.652034 3.726146 

638,6,)6284 636,31 1697 
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COTTON 

Cotton Crop of Countries Named, 1902-1906 

[No statistics for Siam and some other less important cotton-growing countries. Bales 
of 500 pounds, gross weight, or 478 pounds of lint, net] 


Country 

1903 

(Bales) 

1903 

(Bales) 

1904 

(Bales) 

1905 

(Bales) 

1906 

(Bales) 

United States 

Mexico ...» 

10,630945 

103910 

9,851129 

168998 

13,438012 

253271 

10,575017 

253271 

13.273809 

253271 

Total North America .... 

10,740345 

10,028813 

13,701054 

10,840532 

13,539663 

Argentina 

, Peru 

17 

305000 

38200 

26 

285000 

4,3776 

142 

220000 

45672 

495 

270000 

49190 

10000 

365000 

58283 

Total South America .... 

349305 

335184 

271674 

326269 

439866 

Greece 

Italy 

Turkey 

8200 

2700 

8000 

8200 

2700 

7000 

8200 

2700 

6000 

8200 

2700 

7000 

8200 

2700 

7000 

Total Europe 

20596 

19650 

18710 

19705 

197 1 3 

British India, including native states 

China 

Dutch East Indies 

Japan 

Korea 

Persia 

Russia, Asiatic 

Turkey, Asiatic 

3,1389^0 

1,200000 

8267 

19152 

70000 

64000 

426000 

60000 

2,995875 

1,200000 

12632 

17012 

70000 

56282 

529000 

60000 

3,028000 

1,200000 

15367 

16262 

70000 

71509 

SSSooo 

60000 

3,320000 

1,200000 

13280 

12370 

70000 

81931 

612000 

60000 

3,5050°° 

1,200000 

15944 

9239 

70000 

81931 

553727 

60000 

Total Asia 

5,004811 

4,961604 

5,038995 

5,395758 

5,523976 

British Africa 

I'igypt 

French Africa 

German Africa 

27 

1,209746 

2 

751 

1,348759 

3 

191 

4563 

1,316212 

346 

1371 

43 

179 

15097 

5409 

1,234984 

206 

1489 

62 

8892 

1,440107 

206 

1738 

62 

Portuguese Africa 

Sudan (Anglo-Egyplian) . . . 

61 

6517 

6 

S18 

19441 

518. 

17782 

Total Africa 

Total Oceania 

1 , 21^^353 

9,3 

_ _ 

1,356227 

312 

1,337811 

12,3 

1,262110 

; 133 

1,469306' 

108 

Grand total 

17,331503 

; 16,701790 

1 20,368367 

17,844517 

20,992632 


Note. The total area of hay grown in the United States varies from 40 
to 50 million acres, the production varies from 50 to 70 million tons, the 
average value varies from 500 to 700 million dollars, and as a ten-year 
average (igoo to 1909) the yield is 1.44 tons per acre and the farm piice 
$9.59 per ton. 



APPENDIX 


625 


COTTON — Continued 

Cotton Acreage, by States, 1902-1907 106 

[As reported by Bureau of Statistics. Department of Agriculture] 


State or Territory 

1903 

(Acres) 

1903 

(Acres) 

1904 

(Acres) 

1905 

(Acres) 

1906 

(.Acres) 


Virginia 

36056 

39864 

47100 

38664 

3(1000 


North Carolina .... 

1,076350 

1,155028 

1,306068 

1,0855(1,8 



South Carolina 

2,205000 

2,318100 

2,531875 

2,161925 



Georgia 

3.S62430 

4,048912 





Florida 

253288 

268666 

267372 

256173 

283000 


Alabama 

3.501737 

3,608049 

3.611731 

1 3,50016,8 

3,658000 


Mississippi 

3,181408 

3,327060 

3,632458 

3,051265 

3.40S000 


Louisiana 

1,617678 

1,642463 

1,745,865 

1,561774 

1 .7 59000 


Texas 

7,646251 

7,801578 

8,3S540 i 

6.945501 

8 ,,894000 


Arkansas ....... 

1,901841 

1,925191 

2,051185 

1,718751 

2,097000 


Tennessee 

754811 

783196 

881341 

757397 

814000 


Missouri 

S0786 

66496 

70403 

66444 



Oklahoma 

358107 

326391 

502021 

41.81.84 

1 ,0.80000 

1 

Indian Territory .... 

^3753^ 

702()66 

813642 

81663S 

901000 

I ( 

United States .... 

27,114103 

28,014,860 

30,053739 

26,117133 

31,374000 

3 


lfl()7 

(Acres) 



'l,<i2.>000 

9,15(1000 


740000 

71000 

2,I(|(lOOO 


Production of Cotton, in 500-PouND Gross Weight Bai.es, by States, and Totai, 
Value of Crop, 1902-1903 to 1907-190, S 


[As finally reported by U. S. Census Bureau] 


State or 
Territory 

1903-3 

(Bales) 

■ 

1903 4 

(Bales) 

1904 .5 

(Bales) 

lOO.A 6 

(Ba’cs) 

lt)0() 7 

(liale.d 

1907 S 

(Dales) 

Virginia 

15614 

13074 

16105 

14013 

13,862 

922 ( 

North Carolina . . 

549542 

528707 

703760 

619141 

579326 

605 (10 

South Carolina . . 

0254<P 

787425 

1,151170 

1,07.8047 

8761,81 


Georgia 

1,425044 

1,267363 

1,8.87853 

1,6.82555 

1,592572 

1,815.834 

Florida 

58960 

52386 

79171 

68797 

55945 

49794 

Al.-ibama .... 

056215 

986221 

1,448157 

1,25857.1 


1 , 1 T 2 /)o 8 

Mississippi .... 

1,443740 

1.432796 


1,19.8:72 

. 1,5 ’0748 

',.‘168177 

Louisiana .... 

S82073 

824065 

I,c8();26 

513480 

987779 

675428 

Texas 

2,498013 

2,471081 

3, '45372 

2,54193.’ 

4,174 -,'u 6 

2,300179 

Arkansas .... 

97020.S 

734393 

930665 

619117 

941 177 

774721 

Tennessee .... 

• 317140 

24.8006 

329319 

2786,7 

30C1O (7 

2752(5 

Missouri .... 

42255 

37813 

5' 570 

42710 

.54(5,8 

^ .)6.-’43 

Oklahoma .... 

193784 

1.865S9 

335064 

326i;8i 

487 .’o 6 


Indian Territory . . 

! 351508 

278347 1 

460254 

350125 

4t0A20 


All other .... 

1262 

772 

2019 

1416 

2270 

2734 

United States . . 

1 10,630945 

9.851129^ 

13.438012 ‘ 

2.0.57501 7 

13,27380,) i 11,107171) 

Total value of crop 1421,687941 5376,499824 

$561,100386 $556,833817 

$640,311538 j?6l3,()30.j36 
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INTERNATIONAL TRADE IN OIL CAKE AND OIL-CAKE MEAL, 1902-1906 

Exports 




Year 

1902 

1903 

1904 

1905 

190 G 

Country 


Begin 

MNG 

(Lb.) 

(Lb.) 

(Lb.) 

(Lb.) 

(Lb.) 

Argentina . . . 


Jan. I 

18,984000 

19,989308 

29,019439 

29.277380 

29,524208 

Austria-Hungary 


Jan. I 

64,246433 

88,614781 

92,352938 

77,134433 

160,163061 

58,999874 

Belgium . . . 


Jan. I 

128,843692 

137.066773 

143,834669 

176,470002 

Canada . . . 


July. I 

28,830032 

29,002624 

10,115392 

26,227376 

44.397360 

China .... 


Jan. I 

89,672067 

89,672067 

83,999467 

95,344667 

120,944400 

Denmark . . . 


Jan. I 

4-045586 

8,68229s 

4,417028 

5.676571 

3.101969 

Egypt .... 


Jan. I 

130,544487 

156,944836 

160,794106 

147,961001 

164,142926 

France .... 


Jan. I 

325,867127 

314,69303s 

351,628964 

339.529396 

323,482202 

Germany . . . 



328,769326 

37 S. 2.54222 

436,964238 

397,800450 

361,592621 

Italy .... 


24,908481 

19,627750 

24,696396 

24,425228 

12,617052 

Netherlands . . 


Jan. I 

139,814.583 

136,734208 

154,525289 

143,200470 

147,620993 

Russia .... 


Jan. I 

850,095204 

1,028,500994 

1,084,331004 

977.376790 

1,152,431674 

United Kingdom 


Jan. I 

53,146240 

53,146240 

48,462400 

57.830080 

58,524480 

United Slates . 


July I 

1,679,394359 

1,503.232680 

1,894,577648 

1,91^171984 

2,063,732272 

Other countries . 



11,491000 

14.337000 

26,140000 

273.670241 

i95.457<»oi 

Total . . . 


— 

3,878,652617 

3.975.498813 

4,547,868968 

4,673,879128 

4,913,040024 


Imports 


Austria Hungary . 

Tan. 1 

7,656432 

21,750580 

27,340,840 

26,469794 

24,769500 

Belgium .... 

Jan. 1 

353,641510 

421,696.899 

445,202134 

448,216564 

510,213668 

Canada .... 

July I 


s, 808224 

3,953376 

2,308432 

3,656012 

Denmark .... 

Jan. 1 

654,111347 

776,875723 

757,481664 

842,875492 

846,259587 

Dutch East Indies . 

Jan. 1 

15,691801 

15,977041 

31,004951 

19,075498 

26,85077s 

Finland .... 

J in I 

12,594155 

238,507681 

7,2OST02 

13,948054 

11,179475 

14,543404 

France 

Ian. 1 

270,980290 

292,015079 

323,719234 

237,725713 

Germany .... 

Jan. I 

1,074.400655 

1,108.355853 

1,231,409255 

1,285,529859 

1,325,622674 

Italy 

Jan. I 

7,909522 

0,645221 

6,525902 

5,209963 

7.851541 

Jap.an 

Jan. I 

55,550267 

78,582800 

82,023067 

110,074533 

134,060400 

Netherlands . . . 

.Jan. I 

461,470090 

476.96720s 

495,921130 

510,951427 

564,007473 

Sweden . . . . 

Jan. I 

142,046653 

163.633013 

219.913686 

226,374498 

264,890580 

United Kingdom . 

j,m. I 

861,678720 

811,708400 

823,934720 

779,368320 

797.1 15200 

Other countries . . 


21,898000 

25,702000 

54,076000 

153.688134 

112,804136 

Total .... 

— 

3.910,777440 

4,202,279440 

4,484,750758 

4,763,041223 

4,870,551653 


SECTION V 

METHODS OF SOIL ANALYSIS 

Collecting soil samples. After one has become familiar with the 
typical boring of the soil type to be studied, the sample is collected by 
taking borings from 10 to 20 different places, each of which should appear 
to be truly representative of the soil type. These borings, thoroughly 
mixed, should make a trustworthy sample for analysis. An auger about 
1 4 inches in diameter, with the screw point and the vertical lips filed off, 
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is the most satisfactory implement to use. The stem may be cut in two 
and a steel rod of good quality welded in to make the auger about 40 
inches long. 

Ordinarily, samples may well be taken in sets of three: the surface, or 
average plowed soil (o to 6| inches), the subsurface, or that which can 
possibly be moved with a subsoil plow (6| to 20 inches), and the subsoil 
(20 to 40 inches), corresponding to about 2 million, 4 million, and 6 mil- 
lion pounds, respectively, of ordinary soil. The surface boring is made 
and the hole enlarged about | inch in diameter, the soil all being saved. 
The subsurface boring is then taken and the hole again enlarged, but the 
extra soil is not saved. Finally the subsoil boring is taken and the soil 
saved from only one half (one groove) of the auger. This provides about 
equal quantities of soil from each stratum. 

Preparaiion of sample. The sample of soil after air-drying is pul- 
verized to pass through a sieve with round holes i mm. in diameter. Any 
gravel which does not pulverize as easily as the dried lum|)s of clay is 
weighed and its percentage determined, after which it is discarded. 
After thorough mixing, the sample is then placed in a tight jar and 
labeled for analysis. 

Dry matter. Five grams of soil are placed in a glass weighing tube 
fitted with glass stopj)er, which, with the sto|)])er removed, is jdaced in a 
hydrogen bath and heated for five hours at a temperature of 105'’ to 107° 
C., the stopper replaced, and the tube allowed to cool in a desiccator. On 
weighing, duplicate samples should check within 5 mg. The results of 
all analyses are calculated to the dry basis as found l)y this determination. 

Reaction. The reaction of the soil is determined by the test sug- 
gested by Veitch (Bulletin 73, page 136, Bureau of Chemistrv', United 
States Department of Agriculture). About 10 g. of .soil are placed 
in a Jena flask with too cc. water, thoroughly shaken, and allowed to ■ 
strand over night. Fifty cubic centimeters of the su[)ernatant li(juid arc 
carefully drawn off and boiled down with a few drops of phenoljihtha- 
lein in a Jena beaker to 10 cc., or until the ap|)earance of a pink color 
which indicates alkalinity. If no color appears, the soil is either acid or 
neutral. In case the soil is acid, its acidity, calculated to calcium car- 
bonate required to neutralize, is determined; and in case it is alkaline, 
the carbonate .carbon present is determined and calculated to calcium 
carbonate. 

Aridity. Place 100 g. of soil in a 400 cc. wide-mouthed bottle, add 
250 cc. normal potassium nitrate solution, stopper, and shake continu- 
ously for three hours in a shaking machine or every five minutes by hand. 
Let stand over night. Draw off 125 cc. of the clear supernatant liquid, 
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boil ten minutes to expel carbon dioxid, cool, and titrate with standard 
sodium hydroxid solution (of which i cc. is equivalent to 4 mg. of cal- 
cium carbonate), using phenolphthalein as indicator. 

The acids and acid salts of the soil are difficultly soluble in water, but 
by treating with a salt solution, as potassium nitrate, a double decomposi- 
tion takes place, carrying acidity into solution. An equilibrium is reached, 
however, before this reaction runs to an end, and if, after having drawn 
off 125 cc. to titrate, 125 cc. of fresh potassium nitrate are added to the 
bottle and the bottle again shaken for three hours, 125 cc. drawn off will 
give a titration which is more than one half of the first. By continuing 
this process until the last 125 cc. shows practically no acidity, we have a 
series of titrations the sum of which represents the total acidity of the 
100 g. of soil. It has been found by working with a number of different 
soils, that as an average the sum of such a series is 2} times the first ti- 
tration. Consequently, when the sodium hydroxid is made up so that 
I cc. is equivalent to 4 mg. of calcium carbonate, and 125 cc. (which 
represents 50 g. of soil) are titrated, each o.i cc. required to neutralize 
corresponds to i mg. of calcium carbonate required by the 100 g. of soil, 
or to 0.001 per cent of calcium carbonate required by the soil tested. 

The titrations of duplicate samples should not differ more than 0.8 cc. 
for soil samples requiring less than 100 cc. NaOH. 

Carbonate carbon. Carbonate carbon, when present, is determined 
volumetrically in the apj)aratus used for total carbon, described and 
illustrated in the Journal of the American Chemical Society, Vol. 26, 
pages 294 and 1640, by treating the air-dried soil with dilute (i : i) hydro- 
chloric acid and measuring the gas evolved both before and after absorp- 
tion of carbon dioxid in an alkali pipette containing a 33 per cent solu- 
tion of i)otassium hydroxid. The size of sample used for this test varies 
(according to the amount of calcium carbonate present) between two and 
ten grams. Duplicate tests of ordinary soils not very high in inorganic 
carbon should check wa'thin 0.2 to 0.4 cc. These results are calculated 
to and reported as calcium carbonate present. 

Corrections must be made for pressure and temperature, and absorp- 
tion of carbon dioxid should be repeated to a constant reading; also 
the gas should be allowed to stand for three minutes before the initial and 
the final readings. 

Organic carbon. The total carbon of the soil is determined by 
means of Parr’s apparatus * as modified by Pettit ^ to contain an absorp- 
tion pipette of potassium hydroxid. 

^ Jour. Am. Chem. Soc., Vol. 26, p. 294. ^Ibid., p. 1640. 
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Two grams of ordinary soil (or i to 1 g. of peaty soil) are placed to- 
gether with 10 g. of sodium peroxid in the Parr explosion bomb, 0.7 
to I g. (ordinarily about 0.8 g.) powdered magnesium added to start 
combustion, the whole thoroughly mixed by shaking, and the charge 
exploded by means of a hot iron plug or an electric current. (No 
magnesium is used with soils high in organic matter.) The contents 
of the bomb are then washed into a beaker by means of a fine stream of 
hot water and brought to a boil to break up the coirrse particles and expel 
as much oxygen as possible. It is then run from a separatory funnel into 
a flask containing dilute sulfuric acid (i HaSO^ to 2 ILO) and the gas 
collected in a measuring pipette. When all of the sample has been added 
to the sulfuric acid and boiled until it is decomposed, the (lask is tilled 
with water through the separatory funnel to force the bust of the gas into 
the measuring pipette. After noting the volume, the carbon dioxid is 
absorbed in the potassium hydroxid pipette and the volume again read. 
In taking the initial and the final readings, the same precaution should 
be taken as for carbonate carbon. Duplicate samples should check 
within I cc. for every 100 cc. gas obtained, and corrections must be made 
for pressure and temperature. 

A blank determination must be run on the sodium peroxid, and this is 
best done by using first a 2-gram, then a i-gram sample of the same .soil, 
calculating the amount of carbon in the reagents from the difference in 
results, e.g. 

Let == carbon in reagents; 

then, if . 2 g. .soil + .v = 45 mg. C, 

and I g. soil + x = 25 mg. C, 

we get by multiplying the last equation by 2 

2 g. soil -f- 2 x; = 50 mg. C, 
and, subtracting the first equation from this, we get 
.V = 5 mg. C 

Much better results can be obtained by determining the blank in this 
way than where no soil is used. 

The total carbon thus found minus the carbonate carbon is reported as 
organic carbon and is taken as a measure of the organic matter [)rcscnt 
inAe soil. 

Nitrogen. Nitrogen is determined by the regular Kjeldahl metlpd. 
Ten grams of soil (5 g. if high in nitrogen) are weighed into a Kjeldahl 
flask, 20 cc. sulfuric acid (more if necessary) and approximately .65 g. 
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metallic mercury added and the contents of the flask digested until color- 
less. Oxidation is completed by adding, while still boiling hot, powdered 
potassium permanganate until the solution is green. It is then allowed 
to cool and transferred with 250 cc. of nitrogen-free water to a copper 
flask of about 700 cc. capacity and enough strong alkali solution ‘ added 
to more than neutralize the acid. The flask is then immediately con- 
nected with a still, the ammonia distilled off and collected in a flask 
containing a measured amount of standard hydrochloric acid. The ex- 
cess of hydrochloric acid is then titrated back with standard ammonium 
hydroxid, using lacmoid as indicator, and the amount of nitrogen in the 
soil calculated. A convenient strength of ammonia solution is one in 
which I cc. is equivalent to .0032 g. nitrogen. 

Duplicates should check within 0.2 cc. A blank determination must 
be run, by using approximately .5 g. pure sugar instead of the soil sample, 
and a correction made for the nitrogen in the reagents used. 

Phosphorus. For the phosphorus determination the soil is decom- 
posed by heating with sodium peroxid as given on page >145, Bulletin 
105, Bureau of Chemistry, U. S. Department of Agriculture. 

Five grams of ordinary soil are thoroughly mixed with 10 g. of sodium 
peroxid in an iron crucible of about no cc. capacity, the flame applied 
directly to the surface just long enough to start the action, the crucible 
covered, and the heating continued over a low flame for twenty-five 
minutes. The tip of the flame should just touch the bottom of the 
crucible and the heat be kept low enough so the peroxid will not fuse. 
In decomposing a soil very low in organic matter, such as some subsoils, 
o.i to 0.5 g. of powdered sugar should be added to favor the reaction. 

Peat soils are usually high in phosphorus, and 2.V g. are sufficient for 
the determination. Such soils, high in organic matter, will not fuse 
slowly when heated with peroxid, but by moistening the sample with 5 cc. 
of calcium acetate of sufficient strength to fix the phosphorus, the organic 
matter can be safely burned off, and after cooling, enough starch added to 
effect decomposition with sodium peroxid in the usual way. 

After decomposition, the sample is washed into a beaker, the coarser 
particles broken up, then transferred to a 500 cc. flask acidified with 
hydrochloric acid and boiled for five minutes. A little strong nitric acid 
is added to insure complete oxidation of the iron to the ferric condition. 
It is then allowed to cool and made up to volume. There should be no 
undecomposed soil in the bottom of the flask. The silica is allowed to 


’ Containing 60 lb. Greenbank’s alkali and 800 g. potassium sulfid for each 30 
litres of water. 
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settle over night, 200 cc. of the clear supernatant solution drawn off, and 
the iron, aluminum, and phosphorus precipitated by adding ammonium 
hydroxid to the boiling solution. If there is not enough iron present to 
give a very decided brown color to the precipitate, a little ferric chlorid 
should be added before precipitation to insure complete removal of the 
phosphorus from solution. The precipitate is filtered off, washed, 
and then dissolved with warm dilute nitric acid. It is then evaporated 
on the steam bath to dehydrate the silica, taken up with hydrochloric 
acid, heating if necessary, and the silica filtered off. The filtrate is 
evaporated to about 5-10 cc., care be’ing taken that it does not go to 
dryness, as alumina and some silica are almost sure to separate out and 
cause trouble. It is then completely neutralized with ammonia, cleared 
up with nitric acid, approximately i g. of ciy'stalline ammonium nitrate 
added, and the phosphorus precipitated at 40^-50° with 15 cc. ammo- 
nium molybdate solution, allowing it to stand on the water bath at this 
temperature for one to two hours, stirring occasionally for the first 15 
or 20 minutes. It is then allowed to stand at room temperature over 
night, the precipitate filtered off through a double filter and washed 
with a tenth-normal solution of ammonium nitrate until free from 
molybdic acid and finally twice with cold distilled water.* It is then 
removed together with the filter paper to a beaker, dissolved with a 
measured excess of standard potassium hydro.xid solution, and the 
excess titrated back with standard nitric acid. 

A very convenient strength of potassium hydroxid .solution is .83236 g. 
KOH per 100 cc. One cubic centimeter is then equivalent to 0.2 mg. 
of phosphorus. 

The nitric acid should be made equivalent in strength to the potassium 
hydroxid, and with these strengths of solutions, duplicates should check 
within 0.2 cc. 

,A blank determination mu!?t be run, using no soil, and a correction 
made for the phosphorus found in the reagents. 

(Ammonium molybdate solution is made by dissolving 100 g. molybdic 
acid in 400 cc. NH^OH (sp. gr. .96) and adding verj' slowly to 1250 cc. 
HNO3 (sp. gr. 1.20), keeping the solution cool and well stirred.) 

Total potassium. This test is carried out as given on page 147, Bulle- 
tin 105, Bureau of Chemistry, Department of Agriculture. One gram 
of soil, one gram of ammonium chlorid, and eight grams of calcium 

^Molybdic oxid is often precipitated if the first few washings, while iron is still 
present, are done with either water or ammonium nitrate solution. This may he 
prevented by washing two or three times, until free of iron, with ammonium nitrate 
containing a little of the ammonium molybdate solution. 
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carbonate are fused as directed in Fresenius’ “Quantitative Analysis,” 
page 426, and by Hillebrand in Bulletin 305 of the United States Geo- 
logical Survey, where an illustration of the apparatus is given. The 
fused mass is transferred to a porcelain dish, slacked with hot water, 
finely ground with an agate pestle and transferred to a filter. After 
washing with about 600 cc. hot water, the filtr£fte and washings are run to 
dryness in a Jena beaker, taken up with hot water and again filtered, 
acidified with hydrochloric acid, concentrated to about 10 cc., and ij- cc. 
of a platinum chlorid solution (10 cc. containing i g. platinum) added. 
This is then evaporated to a siriipy consistency, taken up and washed 
about fifteen times with 80 per cent alcohol, three times with ammonium 
chlorid solution, and again fifteen times with alcohol. The precipitate 
is then washed through the filter with hot water into a platinum dish, 
evaporated on the steam bath to dryness and heated in an air oven at 
110° C. for an hour, cooled in a desiccator, and weighed. Duplicate 
samples should not differ more than 1.5 mg. in the final weight, 

A correction must be made for the amount of potassium in the reagents 
which is found by making a blank determination, using no soil. 

(Ammonium chlorid solution is made by dissolving 200 g. NH4CI in 
1000 cc. water and saturating with K2PtCl6.) 

Calcium. Five grams of soil (or less if high in calcium) are decom- 
posed by heating with 10 g. of sodium peroxid in an iron crucible, 
taken up with water and hydrochloric acid and made up to 500 cc., as 
for phosphorus. After being allowed to settle over night, 200 cc. of the 
supernatant solution are heated to boiling and precipitated from the 
hot solution with ammonia. The precipitate is filtered out on a 15 cm. 
filter and washed with hot water until but a slight test for chlorids is 
given with silver nitrate. The filtrate is again evaporated to dryness 
and heated (to dehydrate any remaining silica), taken up with water 
and hydrochloric acid, brought to a boil, and ammonia added to pre^ 
cipitate any remaining aluminum. The precipitate is filtered out on a 
small filter and washed with hot water. It should not be washed more 
than necessary to remove the chlorids, as the wash water carries alumi- 
num through into the filtrate. On heating this filtrate and allowing it 
to stand over night, more aluminum may be found to precipitate out. 
All of the aluminum must be removed by repeated precipitations. The 
solution is then made slightly alkaline with ammonia, brought to a boil, 
and to it is added slowly, while it is being stirred, enough concentraied 
aHimonium o.xalate solution to precipitate the calcium and to change 
the magnesium to the oxalate. After boiling until the precipitate has a 
granular appearance, it is allowed to stand three hours or longer, de- 
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canted into a filter, and washed twice by decantation. The precipitate in 
the beaker is then dissolved with a few drops of hydrochloric acid, a 
little water added, and the calcium reprecipitated, boiling hot, by adding 
ammonium hydroxid to slight alkalinity. A little ammonium oxalate 
is added, the solution allowed to stand as before, and filtered through 
the same filter; washed free from chlorids with hot water, tlie filter 
burned and the precipitate ignited in a blast until it ceases to lose weight, 
and weighed as calcium oxid (CaO). 

Calcium may be determined from the filtrate of the iron and aluminum 
precipitates in the phosphorus determination. More care should be 
taken, however, to wash the iron and aluminum i^recipitates free from 
chlorids than is necessary when phosphorus alone is to be determined. 
This filtrate must be run to dryness, and the silica dehydrated, then the 
procedure continued as given above. 

Magnesium. The filtrate from the calcium determination is concen- 
trated to about 50 cc. Then i g. ammonium persulfate is added, and 
the solution boiled for 3 minutes to precipitate manganese. After fil- 
tering the filtrate and washings are evaporated to dryness on the water 
bath and ammonium salts expelled by careful heating. The residue is 
taken up with 20 to 25 cc. hot water and about 5 cc. hydrochloric acid. 
After it has stood until all that will has gone into solution, it is made 
slightly aramoniacal and heated on the steam bath (or allowed to stand 
over night), filtered, washed with distilled water, and the filtrate and 
washings evaporated on the water bath to about 50 cc. If, as is 
sometimes the case, a precipitate forms on standing, this must be 
filtered out, washed, and the filtrate again evaporated to about 50 cc. 
It is then made acid and enough acid sodium phosphate added to 
precipitate all of the magnesium. While it is vigorously stirred, care 
being taken not to strike or rub the sides of the beaker, enough 
ammonia is slowly added to make it distinctly alkaline. It is then 
allowed to stand half an hour, 10 cc. of strong ammonia slowly added 
while it is again stirred vigorously, covered closely to reduce escape of 
ammonia, and let stand for 12 hours. The precipitate is then filtered 
and washed free from chlorids, using 2\ per cent ammonia water, the 
filter dried, burned at first at a moderate heat, then ignited intensely 
in the blast, and weighed as magnesium jiyrophosphate (Mg2P207). 
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SECTION VI 

COMPOSITION OF SOME EUROPEAN SOILS 

The data relating to the composition of European soils are vcr\’ 
incomplete, and the analytical methods used have been far from uniform. 
A good compilation of these data from Germany, France, 'and the United 
Kingdom is contained in Bulletin 57 (1909) of the United States Bureau 
of Soils, giving principally the results secured by digesting the soils 
with strong acids. This compilation includes no nitrogen determina- 
tions, but the phosphorus, potassium, and calcium are usually given, 
and sometimes the magnesium, chiefly in terms of the oxids. 

In the Rothamsted laboratories, after previous ignition of the soil, 
very strong hot hydrochloric and nitric acids are employed in soil 
analysis, and probably this method is used quite generally in Great 
Britain. If so, the data for phosphorus will closely approach the total. 
In Germany cold hydrochloric acid is the common solvent used, and 
the results thus secured are not comparable with those of England. 

Four analyses by Burguy (Inaug.-Diss. Berlin, 1899) show as an aver- 
age 41,330 pounds of potassium (evidently total) in two million of the 
loess soil of North Germany. (The phosphorus content of this soil is 
not given.) About 450 analyses of German soils are reported in this 
compilation, but for the reason given above they signify but little to the 
student of permanent agriculture. Wohltmann, as Director of the Insti- 
tute for Soil and Crop Investigations, Bonn-Poppelsdorf, in a report 
(1901) on “The Fertility-Invoice of West-German Soils” (“Das Nahr- 
stoff-Kapital West-Deutscher Boden”), shows that the cold acid which 
he used generally dissolved about one fourth as much potassium frogi 
soils as hot acid (which he also used for additional potassium deter- 
minations), but the proportion varied with different soils from about 
one seventh to one half. A trial with a single soil showed that digestion 
with hot acid for 1 2 hours, dissolved one third more phosphorus than 
digestion with cold acid for 48 hours; and numerous other experiments 
have shown that as an average the ordinary 10 hours’ digestion with 
hot hydrochloric acid will dissolve only 85 per cent of the total phos- 
phorus, and with some soils less than one half of the total is thus .dis- 
solved. 

Wohltmann concludes from extended chemical and cultural investiga- 
tions that in West Germany soils which contain less than 1200 pounds 
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/•n two million) of phosphorus soluble in cold hydrochloric acid are m 
need of phosphorus fertilizer (“ ersatzbediirftig in Phosphorsaure”). 

The compiled data from France include about 1550 soil analyses, but 
here also only tbe plant food dissolved by the acid used is reported, and 
no information is given concerning the strength of acid, time, or tem- 
perature. While these results may have some value for purposes of 
comparison among themselves, they are of little or no value for compari- 
son with the total amounts of plant food contained in other soils. Fur- 
thermore this great mass of data relates to the soil of only a few jirov- 
inces. There are in all eighty-seven different provinces, or counties, in 
France, and 705 of the soil samples reported upon were collected in the 
one province of Aisne, while 674 others were collected in Pas-dc-Calais 
and Loire-Inferieure, and r29 more in three other provinces. The 
remaining 42 samples represent six additional provinces, leaving seventy- 
five provinces from which no soil analyses are reported. Practically 
all of the r55o soil samples were evidently collected about 1890 or 
before, and no information is given in the compiler’s report to show 
whether they are supposed to represent good land or poor land, although 
in one case a single field is represented by analyses of 73 samj)lcs of soil. 

In considering the analyses of European soils, it may well be kept in 
mind that there are still to be found areas of “abandoned” land even in 
western Europe, and chemical analyses of these soils are often made 
before attempting to bring them back into agricultural use by means 
of fertilizers and manures. Thus the marked differences in the plant- 
food content of different soils in England may serve best as an index 
of the agricultural history of the farms with respect to the past use of 
bones, guanos, phosphates, etc., while in America such differences a])ply 
not so much to individual farms, fields, or jdots (sec Tabic 73, page 411), 
but rather to types of soil more or less modified in the older States by 
the general and almost invariable practice of gradual soil depiction. 

The data showing the phosphorus content of soils from Great Britain 
make a contribution of probable value, (i) because approximately the 
total amount is reported, and (2) because the soil formation is fre(|uently 
recorded. In the case of Dorset County, the samples appear to have 
been collected in connection with some sort of sy.stematic survey or 
classification, as indicated by the records and also the reference: “Fifth 
Annual Report on the Soils of Dorset, University College, Reading, 
1903..” 

The compiler has combined the calcium found in limestone (cal- 
cium carbonate) with that reported in other forms, so that the calcium 
data have too little value to justify their reproduction here. It may be 
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stated, however, that, of the 286 samples of soil reported below, 129 
contained an amount of acid-soluble calcium which if present as car- 
bonate would represent 10 tons or more of limestone per acre in the 
plowed soil, and of these about 60 apparently contained more than 50 
tons per acre of calcium carbonate, thus suggesting the British farmer’s 
common appreciation of the importance of having limestone in the soil. 

The following table shows the phosphorus reported for each of these 
286 samples of soil, and the data certainly indicate that Liebig’s ac- 
count of the tendency (even then apparent) toward the accumulation 
of phosphorus in British soil was well founded. As a general average 
of all analyses, it will be seen that the soil of England now contains about 
twice as much phosphorus as the most common Illinois corn-belt land 
(brown silt loam), three times as much as the ordinary wheat-belt soil 
of southern Illinois (gray silt loam on tight clay), and from four to 
fifteen times as much as the depleted or abandoned lands of the Atlantic 
Coastal Plain (such as the Leonardtown loam and Norfolk loam, the 
latter belonging to a series of thirteen soil types already represented by 
surveyed areas aggregating about 10 million acres, of which, however, 
soil analyses have been reported for only two types, as shown in Table 
22, page 138). 

The amount of phosphorus in 2 million pounds of surface soil varies 
in the Gault soils of Kent County from 330 to 2210 pounds ; in the chalk 
soils from 820 (Kent County) to 6800 pounds (Dorset County) ; in the 
Kimmeridge clay from 810 pounds (Cambridgeshire) to 7760 pounds 
(Dorset County); and in the London clay from 460 pounds (Surrey 
County) to 4100 pounds (Dorset County). Contrasted with these vari- 
ations, the records^ of analysis of 555 samples of Illinois soils, in- 
cluding surface, subsurface, and subsoil, show an extreme variation from 
540 to 2780 pounds of phosphorus in 2 million pounds of soil, the late 
Wisconsin yellow-gray silt loam varying from 540 pounds in 2 million 
of the subsurface to 900 pounds in the surface, and the early Wisconsin 
black clay loam varying from 980 pounds in 2 million of the subsoil to 
2780 in the surface. 

^ University of Illinois Agricultural Experiment Station Bulletin 123 (1908), pp. 
262-294. 
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Phosphorus in Soils in the United Kingdom 


Pounds per Acre in 2 Million of Soil (about 6f Inches Deep) 


Description and Locality 
(Original Sample Nos.) 


Phos- 

phorus 


(Lb.) 


Description and Locality 
(Original Sample Nos.) 


I (Lb.) 


England 


Berkshire 


Cheshire 


Sutton’s seed trial grounds, 


(i) 

870 

Reading 

3230 

{2) 

2620 

Cambridge 


Cumberland 


Hatley plot (3) 

Joint rotation (9) . . . . 

3400 

1920 

Rose-bank plot (497) . . . 

(499) • • • 

440 

440 

Burgoyn’s (Univ. Farm) ; 

Fields 11-13 

720 

(501) . . . 

440 



Fields 14-15 

1210 



Fields 16-17 

1920 

Dorset 


Fields 18-19 

790 

Alluvium (38) 

3660 

Bowlder clay: 


(62) 

2010 

Above gault (14) .... 

1220 

(41) 

4010 

Above green sand (19) . . 

990 



Above gault (20) ... . 

930 

Gravel (36) 

2790 

Above gray chalk (21) . . 

890 

(37) 

2440 

Gault soils (3) 

1220 

(63) 

2270 

( 7 ) 

1 1 10 

(64) 

1740 

(8) 

850 


Kimmeridge clay soils (12) . 

1280 

Bagshot beds (83) .... 

(30) . . . . ; 

1570 

2180 

(15) • 

850 

(40) .... 

1740 

(17) • 

810 

(65) .... 

1050 

Ampthill clay soils (6) . . . 

840 

London clay (80) 

2790 

Oxford clay soils (10) . . . 

(ii) . . . 

1030 

1260 

(12) 

(68) 

4100 

1310 

(22) . . . 

1200 

Reading beds (81) .... 

2880 

Lower greensand soils (5) . 

1780 

(II) .... 

3490 

(23) - 

2260 

(67) .... 

1830 

(18) . 

1720 

(61) .... 

960 

(9) • 

1470 

Junction Reading beds and 

3660 

(6) . 

1720 

chalk ( 39) 
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Phosphorus in Soils in the United Kingdom {Continued) 
(Pounds per Acre in 2 Million of Soil (about 6| Inches Deep) 


DESCRIFriON AND IX>CALm 
(Original Sample Nos.) 


)escription and Locality 
(Original Sample Nos.) 


England {Continued) 


Dorset (continued) 
Chalk (15) 

(71) 

(99) 

(95) 

(SI) 

(94) 

(35) 

(50) 

N) 

(72) 

(49) 

(21) 

(100) 

(i) 

(98) 

(96) 

(97) 

Greensand (79) .... 

(47) .... 

(48) .... 

(2) . . . . 

Junction greensand and marl 
stone (31) .... 

(25) .... 

Wealden beds (33) . . . 

(32) • . . 

(84) . . . 
(69) . . . 
(22) . . . 

Purbeck beds (27) . . . 

Portland stone (66) . . . 

Kimmeridgc clay (3) . . 

(20) . . 
(42) . . 
(8,0 . . 
( 86 ) . . 



Dorset (continued) 


2620 

Kimmeridge clay (87) . 


2530 

(88) . 


6800 

4100 

2880 

Coral rag (19) .... 

(77) .... 

(82) .... 


4270 

(89) .... 


2090 

(8) .... 


3140 

2880 

2350 

2700 

(57) • • • • 

(58) .... 


Calcareous grit (9) . . 


2180 

Oxford clav (73) . • . 


4450 

3840 

(34) . . . 

(60) . . . 


3140 

{59) • • • 


2700 

(52) . . . 


2270 

(53) . • • 


3230 

5230 

(29) . . . 

(4) . . . 


6890 

Cornbrash (10) ... 


2010 

(76) . . . 



(28) . . . 


2790 

Fuller’s earth (18) . . 


2440 

(23) • • 



(56) . . 


2700 

(46) . . 


3840 

(90) . . 


2530 

(26) . . 


4360 

Inferior oolite (91) . . 


(13) • • 


2530 

Junction inferior o5lite 

and 

3750 

Midford sands (14) 


1310 

Midford sands (55) . . 


523c 

(54) • . 


7760 

(45) • . 


3310 

(5) . • 


2090 

(92) . . 




APPENDIX 


639 


Phosphorus in Soils in the United Kingdom (Continued) 
Pounds per Acre in 2 Million of Soil (about 6f Inches Deep) 


Descbiption and Locality 
(Original Sample Nos.) 


Phos- 

phorus 

(Lb.) 


Description and Locality 
(Original Sample Nos. 


England (Continued) 


PHORUS 

(Lb.) 


Dorset (continued) 

Junction Midford sands and 
marlstone (6) . . . . 

(43) • • • • 


Marlstone (7) 

(70) 

( 75 ) 

(78) 


Junction marlstone and lower 
Lias (24) 

(44) 


Lower Lias (17) . 

(74) • 
(93) • 


Durham 

Grange Hill plot (ti 6) 
Shield Ash plot (i) 
(II) 


Birch . . 
Bulvan . 
Burnham 
Hedingham 

Gosfield I 

Or^tt . 
Ramsden 
Roxwell . 


2700 

2790 

4270 

5490 

2880 

4100 


2530 

3050 

3490 

4450 

4620 


Essex (continued) 
ISaffron Walden I 


jTendring 
Thaxted 
St. Osyth 
Yeldham 


Hampshire 
Newlands Manor, Lyminglon 

(4) 

West Mark, near Petersfield (5) 


870 

870 

1570 

1400 

1220 

2090 

700 

1920 

1740 


Isle of Ely 

Black soils: 

White Ken Bcnwick 
Littleixirt Fen . 
Wryde . . . 

Loam, Wisbeck Fen 
Clays, Wryde | 

Silts, Wryde 
Silts, Needham 


Kent 


[London clay: 
Whitsable 
Sheppey . 
[chalk soils: 
Wye . . 


960 

870 

780 

1400 

1130 

780 

1310 


1480 

1260 


2670 

2480 

3770 

3340 

2300 

3260 

1950 

2140 

1670 


1040 

970 
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Phosphorus in Soils in the United Kingdom {Continued) 
Pounds per Acre in 2 Million of Soil (about 6|- Inches Deep) 


Description and Locality 
(Original Sample Nos.) 

Phos- 

phorus 

(Lb.) 

Description and Locality 
(Original Sample Nos.) 

Phos- 

phorus 

(Lb.) 


England i 

[Continued) 



Kent {continued) 

Minster, Tlianet | 

Sutton-by-Dover . . 
Meopham .... 


Lincolnshire {continued) 


Marsh soil (I) . 

(II) • 


Wye, S. E. A. C. 
Olantigh . . . 

Wye ... . 

Charing . . . 
East Lenham , 


Gault soils : 
Brook I ■ 


Charing . . 
East Lenham 


East T.enham 
Ilothtield 


Farm near Crowland (I) 

(ID 

(III) 

(IV) 

(V) 

(VI) 


Saxlingham 720 

Stanhoe 500 

Trowse plot 1400 


Northampton 
Cransley plot (i) 

(D . 

(3) • 

(4) . 

(5) • 

( 6 ) . 

( 7 ) . 

( 8 ) . 
(9) ■ 

(10) . 


Lincolnshire 

Peaty matter from fens . . . 2180 

Foil soil (D 2270 

(ID i8so 

(III) ....... 1400 


Northumberland 

Cockle Park (unmanured plot) 

(i) 9§o 


j Miniature Farms (9) 
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Phosphorus in Soils in the United Kingdom {Continued) 


Pounds per Acrenn 2 Million of Soil (about 61 Inches Deep) 


Description and Locality 

Phos- 

1 Description and Loci 


PlIO.S- 

(Original Sample Nos.) 

(Lb.) 

1 (Original Sample Xgs. ) 

niGKUS 

(IJ).) 

England (Continued) 

Northumberland (continued) 


Surrey 


Miniature Farms (2) .... 

(4) . . . . 

(5) • • • • 

( 6 ) . . , . 

960 

1130 

1130 

1130 

1050 

London clay; 

Wanborough Station . . . 

.370 

Ashtead Common .... 

•Wyke 

Flexford 

Stoughton 

810 

5.30 

5S0 

460 

Hanging Leaves (265) . . . 
Castle Steads (267) .... 

520 

610 

Wanborough . . 
Rayncs Park . . 
Horsley .... 


680 

850 

Davy Houses (266) .... 

700 


lOlO 

East Tower Hill 

1480 

Chalk soils: 


Peepy 

300 

Scale 

1.370 

Whitefield 

1000 

Fctcham 

i()8o 

Kimblesworth (355) .... 

610 

Puttenham 

1450 



Wanborough 

1420 

Cockle Park; 


Sutton 

1200 

Tower Hill 

lOt^O 



800 

Back House 

850 

Gault soils, Alder Holt 

. . 

650 

Tree Field 

610 


1320 





7S0 

Pallace Leas Field-plot (i) . 

(2) . 

870 

700 

Wiltshire 


(6) . 

520 

Christchurch Allotment Sta- 


(8) . 

520 

tion, Warminster . . . 

2960 

(12) . 

520 


(1.3) ■ 

440 

Boreham Road | 

2250 

2620 

Oxford 


Horningsham 

2210 

Wick. Farm: 


Hevtesbury 

,3920 


Codford allotment .soil . . . 

4060 

Headington (I) .... 

4.30 

Chitterne allotment soils . . 

7920 

(II) .... 

1050 


Imlxir allotment fi) . . . . 

,32,30 

Suffolk 


(2) . . . . 

3510 


Corslev plot 

11.70 

Bramford 

i.'iTo 

Clav soil, Warminster . . . 

2220 

Saxmundham 

2160 

York warp soil 

1940 
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Phosphorus in Soils in the United Kingdom {Continued) 
Pounds per Acre in 2 Million of Soil (about 6| Inches Deep) 


Description and Locality 

Phos- 

phorus 

(Lb.) 

Description and Locality 

Phos- 

phorus 

(Lb.) 

Scotland 

Lanark 


Argyll 


Cleghorn, near Lanark : 

Plot I 

Plot 2 

910 

IIOO 

Birgidale Knock, Rothesay . 

Aberdeen 

2130 

Dumbarton 

Drumfork, Helensburgh . . 

3920 

Tarves 

Wester Fintray, Kintorc . . 

Fedderate, Maud 

Tulloch, Lumphanan ... 

4190 

2470 

3200 

990 

Nairn 


Kincardine 


Easterboard, Croy .... 

1120 

Fasque, Fettercairn .... 

1870 

Ireland 

Cork 


Wexford 


Limestone soils, Shanagany . 
Old red sandstone, Killeigh . 

Tipperary 

1290 

1360 

Silurian clay slate soils: 

Bally-Carney 

Clonroche 

1360 

1460 

Limestone soils: 

Rockford 

St. Kieran’s 

1400 

1130 



Wales 

Garden soil 

2670 



Averages of all Samples 


England (269 samples) 2230 

Scotland (10 samples) 2190 

Ireland (6 samples) 1330 

Wales (i sample) 2670 
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SECTION VII 


Agricultural Colleges and Experiment Stations in the United States 
AND Canada 


State or 
Territory 

Name of School 

Location of 
School 

Address of 
Ac.RICI’LTURAL 
Experiment Station 

Alabama . . . 

Alabama Polytechnical 


Alabama (College), 


Institute .... 

Auburn 

Auburn « 


Agricultural School of 
the Tuskegcc Normal 
and Industrial In- 
stitute . . . . 

Agricultural and Me- 
chanical College for 
Negroes .... 

Tuskegcc Institute 

Normal 

Alabama (Canebrake), 
Uniontown 

.Alaliama (T uskegee), 
Tuskegec Institute 
Alaska, Sitka 

Arizona . . . 

University of Arizona . 

T ucson 

Arizona, T ucson 

Arkansas . . . 

Unversity of Arkansas . 

Fayetteville 

Arkansas, Fayetteville 

California . . . 

BranchNormal College 
University of California 

Pine Bluff 

Berkeley 

California, Berkeley 

Colorado . . . 

The State Agricultural 


Colorado, lort Collins 

Connecticut . . 

College of Colorado 
Connecticut Agricul- 

Fort Collins 

Connecticut (Storrs), 


tural College . . . 

Storrs 

Storrs 

Delaware . . . 

Delaware College . . 

Newark 

Connecticut (State), 
New Haven 

Delaware, Newark 

Florida .... 

State College for Col- 
ored Students . . . 
University of the State 
of Florida .... 

Dover 

Gainesville 

Florida, Gainesville 

Georgia . . . 

Florida State Normal 
and Industrial School 
Georgia State College 
of Agriculture . . . 
Georgia State Indus- 
trial College . . . 

Tallahassee 

Athens 

Savannah 

Georgia, F.xpcriment 

Hawaii .... 

College of Hawaii . . 

Honolulu 

Hawaii, Honolulu 

Idaho .... 

University of Idaho . 

Moscow 

Idaho, Moscow 

Illinois .... 

University of Illinois . 

Urbana 

Illinois, Urbana 

Indiana .... 

Purdue University , . 

Lafayette 

Indiana, Lafayette 

Iowa .... 

Iowa State College of 
Agriculture and Me- 
chanic Arts . . . 

Ames 

Iowa, Ames 

Kansas .... 

Kansas State Agricul- 
tural College . . . 

Manhattan 

Kans.as, Manhattan 

Kentucky . . . 

State University . . 

Lexington 

Kentucky, Lexington . 

Louisiana . . . 

The Kentucky Normal 
and Industrial Insti- 
tute for Colored Per- 
sons 

Louisiana State Uni- 

Frankfort 

Ixiuisiana (State), 

versity and Agricul- 
tural and Mechanical 
College 

Baton Rouge 

Baton Rouge 
Louisiana (Sugar), New 
Orleans 


Southern University 
and Agricultural and 
Mechanical College . ^ 

New Orleans 

Louisiana (North), Gal- 
houn 
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Agricultural College and Experiment Stations in the United States 
AND Canada {Continued) 


State or 

Territorv 

Name of School 

Location of 
School 

Address of 
Agricultural 
Experiment Station 

Maine .... 

The University of 
Maine 

Orono 

Maine, Orono 

Maryland . . 

Maryland Agricultural 
College 

College Park 

Maryland, College Park 

Massachusetts . 

Princess Anne Acad- 
emy, Eastern -Branch 
of the Maryland Agri- 
cultural College . . 

Massachusetts Agricul- 
tural College . . . 

Princess Anne 

Amherst 

Massachusetts, Amherst 

Michigan . . . 

Massachusetts Institute 
of Technology . . 

Michigan State Agri- 
cultural College . . 

Boston 

East Lansing 

Michigan, East Lansing 

Minnesota . . 

The University of Min- 


Minnesota, St. Anthony 


ncsota 

Minneapolis 

Park, St. Paul 

Mississippi . . 

Mississippi Agricul- 

Mississippi, Agricul- 

Missouri . . . 

tural and Mechanical 

College 

Alcorn Agricultural and 
Mechanical College . 
College of Agriculture 

Agricultural College 

Alcorn 

tural College 

Missouri (College), Co- 


and Mechanic Arts of 
the University of Mis- 
souri 

Columbia 

lumbia 

Missouri (Fruit), Moun- 
tain Grove 

Montana . . . 

School of Mines and 
Metallurgy of the 
University of Mis- 
souri 

Lincoln Institute . . 

Montana Agricultural 
College 

Rolla 

Jefferson 

Bozeman 

Montana, Bozeman 

Nebraska . . 

Industrial College of 
the University of Ne- 
braska 

Lincoln 

Nebraska, Lincoln 

Nevada ... 

University of Nevada . 

Reno 

Nevada, Reno 

New Hampshire 

New Hampshire Col- 
lege of Agriculture 
and the Mechanic 
Arts 

Durham 

New Hampshire, Dur- 
ham 

New Jersey . . 

Rutgers Scientific 

School (The New 
Jersey State College 
for the Benefit of 
Agriculture and the 
hiechanic Arts) . . 

New Brunswick 

New Jersey, New Bruns- 
wick 

New Mexico 

New Mexico College of 


New Mexico, Agricul- 

New York . . 

Agriculture and Me- 
chanic Arts . . . 
New York State College 

Agricultural College 

tural College 

New York (Cornell), 


of Agriculture at Cor- 
nell University . . 

Ithaca 

Ithaca 

New York (State), Ge- 




neva 
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Agricultural Colleges and Experiment Stations in the United States 
AND Canada {Continued) 


State or 
Territory 

N.ame of School 

Location of 
School 

.Address of 
Ac.I!KTI.TCRAL 
Kxpekimext .St.ation 

North Carolina . 

The North Carolina 




College of Agriculture 
and Mechanic Arts . 

West Raleigh 

K ge), West Raleigh 

North Dakota . 

The Agricultural and 
Mechanical College 
for the Colored Race 
North Dakota Agricul- 

Greensboro 

Raleigh 

Ohio . . . 

tural College . . . 

.Agricultural College 

tural (.'ollcge 

Ohio State University . 

Columbus 


Oklahoma. . . 

Oklahoma Agricultural 
and Mechanical Col- 
lege ...... 

Stillwater 


Oregon . . . 

.\gricultural and Nor- 
mal University . . . 
Oregon State Agricul 
tural College . . . 

Langston 

Corvallis 


Pennsylvania . 

The Pennsylvania State 


IVnnsvlvania, State Col- 


College 

Slate College 

lege 

Porto Rico . . 

University of Porto Rico 

San Juan 

I’orto Rico, Mayaguez 

Rhode Island . 

Rhode Island College 


of Agriculture and 
Mechanic Arts . . 

Kingston 

Rhode I-sland, Kiiig.ston 

South Carolina . 

The Clemson Agricul 
tural College of South 
Carolina 

Clemson College 

Soutli Carolina, Cleni- 


The Colored Normal, 

son College 

South Dakota , 

Industrial, Agricul 
tural, and Mechani- 
cal College of South 
Carolina .... 

South Dakota State 
College of Agricul- 
ture and Mechanic 
.Arts 

Orangeburg 

Brookings 

South Dakota, Brook- 

Tennessee . . 

University of Tennessee 

Kno.xvillc 

Ten nessee, Knoxville 

Texas .... 

Agricultural and Me- 
chanical College of 
Texas 

College Station 

Texas, College Station 

Utah .... 

Prairie View State Nor 
mal and Industrial 

College 

The Agricultural Col- 
lege of Utah . . . 

Prairie View 

Logan 

Utah, Logan 

Vermont . . . 

University of Vermont 
and State Agricul- 
tural College . . . 

Burlington 

Vermont, Burlington 

Virginia . . . 

The Virginia Agricul- 
tural and Mechanical 
College and Polytech- 
nic Institute . . . 

Blacksburg 

Virginia (College), 

Blacksburg 


The Hampton Normal 
and Agricultural In- 
stitute 

Hampton 

Virginia (Truck), Nor- 
folk 
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Agricultural Colleges and Experiment Stations in the United States 
AND Canada {Continued) 


State or 
Provinces 

Name of School 

Location of 
School 

Address of 
Agricultural 
Experiment Station 

Washington . . 

State College of Wash- 
ington 

Pullman 

Washington, Pullman 

West Virginia 

West Virginia Univer- 


West Virginia, Morgan- 


sity 

Morgantown 

town 

Wisconsin . . . 

The West Virginia Col- 
ored Institute . . . 
University of Wisconsin 

Institute 

Madison 

Wisconsin, Madison 

Wyoming . . . 

Alberta .... 

University of Wyoming 

Laramie 

Wyoming, Laramie 
Alberta (Provincial), 

University of Alberta . 

Edmonton 

Manitoba . . . 

Manitoba Agricultural 


Edmonton 

(Dominion), Lacombe 
(Dominion), Leth- 
bridge 

British Columbia 
(Dominion), Agassiz 

Manitoba 


College 

Winnipeg 

(Dominion), Brandon 

Nova Scotia . . 

Nova Scotia Agricul- 

(Provincial), Winne- 
Peg 

Nova Scotia 


tural College . . . 

Truro 

(Dominion), Nappan 

Ontario .... 

Ontario Agricultu- 


(Provincial), Truro 

Ontario 


ral College . . . 

Guelph 

(Provincial), Guelph 

Quebec .... 

MacDonald Agricul- 
tural College . . . 

St. Anne 

(Dominion central), 
Ottawa 

Prince Edward Island 
(Dominion), Char- 
lottetown 

Quebec 

Saskatchewan 

University of Sas- 


(College), St. Anne 

Saskatchewan 


katchewan . . . 

Saskatoon 

(Dominion), Indian 
Head 

(Dominion), Rosthern 
(Provincial), Saska- 
toon 






INDEX 


Abandoned lands : 
eastern United States, 342, 591 
Maryland, 140 
Rothamsted, 403 
Acid, defined, 20 
Acid phosphate, 189 
Acid salts, 23 
Acidity of soils, 163, 566 
determination, 627 
test, 566 

Acids, common, 24 
Adobe soil, 65 
African soils, 66 
Agdell field, Rothamsted, 345 
Agricultural colleges in the United States 
and Canada, 643 
established by law, 518 
Agricultural experiment stations in the 
United States and Canada, 643 
established by law, 505, 518 
Agricultural history, two periods, 590 
Agriculture, permanent systems, 159 
Aikman, early use of bones, 324 
Air, composition, 13 
Alabama, field experiments, 494 
soils, 138 
Albitc, 47 
Aldehydes, 30 
Alkali, defined, 20 

Alkali salt, fertilizer or stimulant, 364, 
393, 402, 479» 533 
Allyl, 40 
Aluminum, 44 

American agricultural colleges and experi- 
ment stations, 643 
Amids and amido group, 37 
Ammonification, 195 
Ammonium sulfate, 525 
Analysis of animal and plant products, 
157, 602 

Analysis of soils, 626 
A'palyzing, and testing soils, 565, 626 
Animal and plant products, composition, 
157, 602 
Animal fats, 35 


Animals destroy organic matter, 199 
Anorthite, 47 

Appearance of soils and crops in relation 
to fertility, 572 

Arid and semiarid sections, rainfall records, 
580, 582 

Arid soils, 126, 129, 139 
Arkansas soils, 97 
Asbestos, 49 
Ashes, composition, 602 
fertility experiments, 508, 51 1 
Asiatic soils, 66, 67 

Association, National Fertilizer, report on 
raw phosphate, 292 
Atom, defined, 3 
Atomic bond, 4 
Atomic weight, defined, 3 
Atomic weights, table, 10 
Available plant food, 107, 314, 366 

Bacteria : 
denitrifying, 439 
nitrifying, 195 
nitrogen-fixing, 207 

nonsymbiotic, or “ free-living,” 225, 437 
Barley: 

Canadian experiments, 505 
composition, 603 
Rothamsted experiments, 378 
statistics, 616 

Barn field, Rothamsted, 398 
Barren soils, 63, 367 
Base, defined, 20 
Basic slag phosphate, 192 
Beans, composition, 417, 603 
fertility loss, 550 
Bond, atomic, 4 
Bone meal, 157, 185 

Bones and other phosphates used in Eu- 
rope, 324 

Bottom land soils, 62, 120, 138 
Bradley’s soil fertility theories, 300 
Bran, wheat, composition, 41, 604 
Breathing pores, 29 
Broadbalk field, Rothamsted, 363 
647 
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Bulbs, composition, 604 
Bureau of Soils, United States Department 
of Agriculture: 
pot cultures, 513 
soil analyses, 136 

soil fertility theories, 313, 362, 367 
soil surveys, 114 
Butter, composition, 154 
statistics, 623 

Cabbage, composition, 604 
experiments, 266, 278 • 

Cake, oil, composition, 604 
fertility loss, 205 
statistics, 626 
Calcium, 43 

Calcium cyanamid, 526 
Calcium determination, 632 
Calcium nitrate, 526 
California soils, 102, 138 
Canadian colleges of agriculture, 646 
experiment stations, 505, 646 
field experiments, 505 
soils, 103, 507, 559 
Carbohydrates, 30 
Carbon, 26 
Carbon cycle, 32 
determination, 628 
fixation, 29 

supply as plant food, 33 
Carbonates, 50 
determination, 628 
loss by leaching, 51, 174 
test, 567 

Carrots, composition, 604 
field experiments, 51 1 
Casein, 41 

Central states soils, 77, 138 
Cereal seeds, composition, 154, 603 
Chaff, composition, 603 
Chemical action, 3, 107, 194, 562 
Chemical elements, 10 
Chemistry, defined, i 
organic, 30 

China, agricultural conditions and prac- 
tices, 335 

Chinese philosophy, 594 
Chlorin, 44 
Chlorophyll, 43 

Clarke, on composition of earth’s crust, 13 
Clay, 50, 55 

Clover, composition, 75, 154, 417, 603 
Clover sickness, 312, 406 
Coal ashes, composition, 602 
Coastal plains soils, 117, 138, 139 
Cobs, corn, connwsition, 603 
Colleges of agriculture, 518, 643 
Colorado soils, loi 


Combining weights of elements, 3 
Commercial fertilizers, 517 
Commercial plant food materials, 157 
Common elements, 13 
Common functions of elements, 45 
Composition of animal and plant products, 
157, ’602 

Compound, defined, 2 
Connecticut, investigations with legumes, 
219 
soil, 138 

Corn, composition, 13, 75, 154, 603 
cost per bushel, 585 
record yield, 619 
statistics, 606 

Corn cobs, composition, 603 
Cotton, composition, 154, 497, 603 
statistics, 624 
Cotton seed, 154, 525, 603 
Cotton seed meal, 525, 604 
Condition of soil, 576 
Conservation of soil moisture, 577 
Coral limestone soil, 65 
Creelman, on farming in Southern Europe, 

329 

Crimson clover tops and roots, composi- 
tion, 221 

Critical periods in plant life, 538 
Crop residues, 199 
statistics, 605 
stimulants, 533 
yields (see also statistics): 

Asia, 334 
Europe, 326 
Kansas, 330 

Crops, composition, botanical, 393 
chemical, 154, 417, 418, 602 
Crysolite, 47 

Curie and Glcditsch, on transmutation of 
elements, ii 
Cyanamid, 526 

Czapek, on availability of plant food, 109 

Decandolle’s soil-fertility theories, 310 
Decay of organic matter, 195 
Delaware investigations with legume 
plants, 221, 222 
Denmark, wheat jdeld, 614 
Dentrification, 439, 502 
De Saussure’s discovery of mineral plant 
food, 307 

Digestion coefficients for organic matter, 
199, 206 

Dolomitic limestone, 169 • ’ 

Drainage reclamation possible in the 
United States, 583 
Drj^ farming, 579, 5S1 
Dyer, on manure used in England, 324 
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Earth’s crust, 13, 46 
Eastern states soils, 72, 75, 138 
Element system for reporting analyses, 
565. 599 

Elements in air, ocean, and earth’s crust, 

13 

of plant growth, 12 
the more common, 13 
transmutation, ii 
English soils, 637 
Equilibrium in nature, 62 
Essential elements of plant food, 12 
European crop yields (see also statistics), 
326 

European soils, 634 

Experiment stations in the United States 
and Canada, 643 
established by law, 505, 518 

Factors in crop production, 435, 575 
Famines, Indian, 334 
Russian, 333 

Farm manure, composition, 542 

Cambridge University investigation, 205 
Canadian experiments, 508, 51 1 
dried, 545 

English practice, 324 

Illinois experiments, 201, 206, 459, 473, 

4 So 

Japan, human and compost, 594 
Ohio experiments, 204, 256, 442, 44S, 

547 

Pennsylvania experiments, 202, 423, 431 
Rothamsted experiments, 364, 3S0, 390, 
393. 399. 400, 407, 41 1 
Fats, 34 
Felspars, 47 

Fertility theories, 300, 362, 366, 385, 389 
Fertilizer Association’s report on raw 
phosphate, 292 
Fertilizer law, 599 
Fertilizers, commercial, 157, 517 
Fish-scrap fertilizer, 525 
Fixation of plant food by soils, 562 
of carbon, oxygen, and hydrogen, 29 
of free nitrogen, 207, 223, 437 
Flax, composition, 603, 604 
sickness, 319 
statistics, 605 

Florida phosphates, 187, 188, 595 
sand soils, 498 

Formula, chemical, defined, 7 

France, crop yields (see also statistics), 

" 327 

soils, 63 s 

Fruits, composition, 604 
Functions that are common to different 
elements, 45 


Gas law, 7 

Georgia, field experiments, 489 
soils, 94 

Germany, crop yields (sec also statistics), 
326 

soils, 634 

Glacial material, 54 
Glacial soils, 123, 138, 144 
Glycerin, 40 
Gneiss, 48 

Grain farming, 226, 329, 345, 434, 459. 

47S. 483 

Granite, 48 
Grajrhite, 26 
Grass, com(X5sition, 603 
digestibility, 199 
Green manuring, i<)9, 218 
Ground limestone and burned lime, 165 
Growth of plants, 32 

Hall, on soil-fertility theories, 319, 362, 

3 ^’'>. 385 

Hay, composition, 75, 154, 417, 4 '8, 603 
Hay grown e\a ry year, Rothamsted, 31)1 
Hay statistics, 605, 624 
Heat factor in eroj) pixKluetion, 57O 
Hellriegel’s discovery of nitrogen-fixing 
hacleria, 307 

Hill’s view of agriculture, 594 
History of agriculture, 590 
Holland, soil, 93 
wheat yi< ld, 614 
Home of plants, 576 
Hoos field, Rothamsted, 378 
Hops, comiK)sition, 604 
Hornblende, 49 

Hunter’s soil-fertility theories, 302 
Hy<lrate, defined, 28 
Hydrogen, 28 
Hydroxid, defined, 17 

Idaho, phosphates, 595 
soils, 102 

Illinois, field experiments, 283, 453, 476 
pot-culture experiments, 171, 2H7, 486, 

487 

soils, 82, 138 

India, agricultural conditions, 333 
soils, 66 

Indiana soils, 88 

Inoculation for nitrogen fixation, 21 1 
Intermountain soils, 127 
Iowa, field experiments, 488 
soils, 89 

Ireland, soils, 642 
Iron, 43, 69, 73, 75, 106, 603 
Iron sulfate as a fertilizer, 158, 505 
Italian agriculture, 329 
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Irrigation, in India, 333, 583 
possible in the United States, 583 

Japan, agricultural practices, 594 
Jethro Tull’s soil-fertility theories, 300 

Kainit, 530, 535 

Kansas, crop yields (see also statistics), 330 
soils, 138 

Kentucky, pot-culture experiments, 288 
soils, 64, 65, 92, 138 
'King, on Japanese agriculture, S94 
on water-soluble plant food, 142 
Kossowitsch, availability of raw phosphate, 
109 

Land-plaster, 256, 420, 505, 533 
’^Land reclamation possible in United States, 

583 

Land values, 586 
Law, constant proportions, 8 
diminishing returns, 374 
gas, 7 

governing sale of fertilizers, 599 
periodic, 9 

solution, 314, 316, 366 
Lawes and Gilbert, source of nitrogen for 
plants, 307 

Leaching, rocks, soils, 49, 51, 174, 413, 556 
plants, 549 
Lecithin, 40 

Legume plants, composition, 154, 218, 604 
inoculation, 210, 218 
nitrogen fixation, 207 
tops and roots, 218 
Legume seeds, composition, 154, 603 
Liberation of plant food, 109 
Liebig’s soil-fertility theories, 30S 
Liebig’s view of agriculture, 591 
Life, 29 

Life of soil, 195 

Light factor in crop production, 576 
Lime and ground limestone, 165 
Lime burning, 27 
Limestone, amount to apply, 172 
how to apply, 179 
loss by leaching, 51, 174 
magnesian, or doloniitic, 169 
soils, 123, 147 
spreader, 179 
time to apply, 178 
use in soil improvement, 160 
Limiting factors in crop production, 435, 
575 

Lincoln’s view of agriculture, 592 
Lipfiran, on dcntrification, 439 
Live stock destroy food values, 234 
organic matter, 199 
. Live-stock farming, 231, 459 


Loess, characteristics, 54 
composition, 69 
in United States, 68 
Loessial soils, 123, t44, 634 
Losses of plant food, from manure, 200, 
546, 547 ! 

from plants, 549 
from soils, 41 1, 413, SS6 
Louisiana, field experiments, 495 
soils, 96, 138 

Machine for spreading limestone and 
phosphate, 179 
Magnesian limestone, 169 
Magnesium, 42 

Magnesium determination, 633 
in fertilizer experiments, 171, 364 
Maine field experiments, 275 
Maintenance rations, 33 
Manganese, 44 
Manganese separation, 633 
Mangel-wurzel, composition, 402 
field experiments, 400 
Mann, on the use of raw phosphate, 504 
Manure, losses from exposure, 200, 256, 
508, 546, 547 

preservatives and reenforcing materials, 
256. 547 

recovered in live-stock farming, 20 1 
Manure in culture experiments, 256, 343 
Manures (see farm manure and green 
manuring) 

Marl carbonates, 167 
Marl phosphates, 241 
Maryland, field experiments, 261 
soils, 138, 141 
subsoils, 73 

Massachusetts field experiments, 278 
Mcllilotus for green manuring, 220 
Mica, 49 

Michigan, investigations with legume 
plants, 216, 221 
soils, 97 

Minnesota, soil experiments, 499 
soils, 100, 138 
Mississippi soils, 93 
Missouri soils, 89, 138 
Moisture factor in crop production, 577 
Molecule, defined, 4 
Montana soils, 102 
Mountain soils, 122, 128 

Nascent, defined, 4 , 

National Fertilizer Association report pn 
raw phosphate, 292 
Nebraska rainfall, 331, 580, 582 
soils, 89 

Nevada soils, 102 
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3ersey, pot-c\ilt\ire experiments, 439 

soil, 138 

New York, investigation of phosphorus in 
wheat bran, 41 
.soils, 75 

Nitrate of calcium, 526 
Nitrate of sodium, 525 
Nitrification, 195 
Nitrogen, 36 

Nitrogen and organic matter, 194 
Nitrogen determination, 629 
fixation by legumes, 207 
by nonsymbiotic bacteria, 224, 405, 
437 

from air and soil, 213 

gain or loss diflicult to determine, 499 

in animal and plant products, 154, 602 

in drainage waters, 557, 563 

in fertilizers, 157, 517 

in rain, 309 

in roots and tops of legumes, 218 
in sweet clover, 220 
recovered in live-stock farming, 201 
retained by animals, 201 
used in different amounts, 374, 423 
used to give crops a start, 218, 401, 533 
Nitrogenous compounds, 38 
Nomenclature, 19, 565, 599 
North Carolina soils, 138, 142 
North Dakota investigations of (lax sick- 
ness, 319 

North Platte, Nebraska, rainfall, 331, 580 
Northern states soils, 97, 138 
, Nuclein, 40 

Oats, composition, 75, 154, 603 
statistics, 615 
Ocean, composition, 13 
Ohio, field experiments, 245, 441 
investigations with manure, 547 
soils, 88, 138 

in pot-culture experiments, 513 
Oil cakes, comiMsition, 604 
fertility loss, 205 
statistics, 626 

Oil seeds, composition, 603 
Oils and fats, 34 
Oregon soils, 102 
Organic chemistry, 30 
Organic matter, defined, 30 
decomposition, 195 
loss in digestion, 199 
methods of supplying, 198 
C'rganic matter and nitrogen, 194 
Orthoclase, 47 
Oxids, defined, 17 
occurrence, 53 
Oxygen, 26 


Padhe coast soils, 102, 130, 138 
Park field, Rothamsted, 39 1 
“Parrot” instruction, 292 
Pasturing land, 199 
Peat, dried, 524 
Peat soils, 75, 83, 98, too, 470 
Pennsylvania, field experiments, 263, 420 
investigations with manure, 202, 203 
soils, 76, 142 
Pentosans, 31 

Periodic law of chemical clcmenls, 0 
Permanent systems of agriculture, 159 
Peter, on soil fertility theories, 339 
Phosphate deiK)sits, 597 
Phosphate experiments : 

Canada, 505 
Illinois, 283, 504 
Indiana, 296 
Kentuekv, 288 
Maine, 275 
Marvlaml, 261 
M assac husetts, 278 
Ohio, 245, 442, 448, 452 
Pennsylvania, 263 
Rhode l.sland, 266 
Phosphate production, 595 
raw rock and slag must bo fine-grouml, 
2,59 

in practical agriculture, 289, 504 
Phos[)hate report by National Fertilizer 
A.ssociation, 292 
spreader, 179 
supply, 597 
Phosphate.s, 52, 186 
low-grade, r88, 242, 598 
natural, 52, 186 
used in Europe, 324 
Phospliatie limestone, 52 
marl, 241 
slag, 192 

Phosphorus, 40, 32, 183, 236 
Phos[)liorus conijKjimd.s, 189 
determination, 630 
in fertilizers, 157, 517 
in plant and animal products, 154, 602 
in wheat bran, 41 
production, 595 
retained by animals, 201 
supph', 507 

use in flifferenl forms, 237 
used in Europe, 324 
Photosynthesis, 29 
Physical conflition of soil, 576 
Piedmont soils, 121, 138 
Plant and animal products, compo.ation, 
157, 602 
Plant food, 26 
available, 107, 314, 366 
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Plant food, essential, 12 
in crops, 75, 154, 602 
in culture experiments, 236, 343 
in sea weed, 524 
lost from manure, 200, 546, 547 
from plants, 549 
from soils, 41 1, 413, 418, 556 * 

Plant food, recovered in live-stock farm- 
ing, 199 . 

retained by animals, 201 

sources and cost, commercially, 157, 517 

value, 154 

water-soluble, 14 1 

Plot experiments for testing soils, 569, 570 
Potassium, 42 

Potassium chlorid and sulfate, 53 
Potassium determination, 631 
Potassium, from sea water, 531 
in fertilizers, 157, 517 
in plant and animal products, 154, 602 
Potassium salts of Germany, 529 
Potato experiments, 384, 447, 51 1 
Potatoes, composition, 154, 604 
statistics, 605, 618 
Prairie soils, 78, 82, 132, 138 
Prefixes in chemical names, 19 
Proportions, law of constant, 8 
Protective agents, 536 
Protein and proteids, 37 

Quartz, 49 

Radicle, defined, 17 
Rain, composition, 309 
Rainfall and drainage records, 309, 377, 
413. 491, 557. 580, 582 
Rainfall averages for the United States, 
582 

Rainfall in dry farming sections, 580, 582 
Ramsay, on composition of air, 13 
Ramsay and Cameron, on transmutation 
of elements, ir 
Rate of growth, 32 
Residual soils, 54, 126, 146, 149 
Residues of crops used in soil improve- 
ment, 199 

Rhode Island field experiments, 266 
Rice, composition, 603 
statistics, 619 
Rock weathering, 49 
Roman agriculture, 590 
Root crops, composition, 417, 604 
in Canadian experiments, 511 
in Rothamsted experiments, 398 
Roofs and tops of legumes, composition, 
218 

Root tubercles, composition, 215 
size, 212 


Rotation crops grown in experiments: 
Agdell field, Rothamsted, 345 
Illinois, 453 
Louisiana, 495 
Minnesota, 499 
Ohio, 245, 256, 441 
Pennsylvania, 421 

Rotation crops, plant food required, 75 
Rotation of crops and soil fertility, 318, 
339. 362, 389. 435. 443 
Rotation systems, 226, 231 
Russia, agricultural conditions, 332 
soils, 66 

Rye, composition, 603 
statistics, 617 

Sachs, on availability of plant food, 109 
Salt, common, 535 
defined, 20 
Salt deposits, 53, 529 
Sand soils. So, 98, roo, 138, 468, 498 
Science, defined, i 
Scotland, soils, 63, 642 
Seed factor in crop production, 575 
Semiarid section, rainfall records, 331, 380, 
582 

Senebier’s discovery of carbon fixation, 

307 

Shale, 50 

Shutt, on loss of organic matter and nitro- 
gen, 200, 559 

Silicates in earth’s crust, 47, 48 
Silicon, 44, 46 
Slag phosphate, 192 
Snow, composition, 310 
Soaps, 36 
Sodium, 44 

Sodium in fertilizer experiments, 364, 380, 
402, 508 

Soil analysis, methods, 626 
classification, 54, 116 
comixisition, 58, 138 
depletion, 556 

by natural agencies, 61 
Soil fertility theories, 300, 362, 366, 385 
formation, 54 
materials, 55 

provinces of the United States, ri6 
samples, method of collecting, 626 
series, n6, 132 
stimulants, 45, 158, 533 
structure, 116 

surveys, 57, 77, 114, 517, 555 
texture, 116 
types, 55 

Soils of Africa, 66, 67 
Canada, 103 
central states, 77, 138 
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Soils of eastern states, 72, 75, 106, 13S 
Europe, 63, 634 
India, 

Northern states, 97, 138 
Rothamsted, 63, 41 1, 416 
Russia, 66 
South America, 67 
southern stales, 92, 138 
Transvaal, 67 
Turkey, 67 

western states, loi, 138 
Solution law, 314, 316, 366 
South American soil, 67 
South Carolina, phosphates, 187, 595 
record yield of corn per acre, 619 
Southern states soils, 92, 138 
Spencer, on farming in semiarid region, 

Spillman, on Kansas crop yields, 330 
Spreader for limestone and phosphate, 179 
Starches, 31 

Statistics of agricultural products, 605 

Steatite, 48 

Sterile soils, 63, 367 

Stimulants, 368, 394, 402. 479. S08, 533 

Straw, composition, 157, 603 

Structure of soils, 116 

Success in farming, 584 

Sugar beets, 155, 399, 604 

Sugar statistics, 620 

Sugars, 31 

Sulfates and sulfids, 52 
Sulfur 39, 106, 158 
in rain, 106 
Superphosphate, 191 
Supply and demand of plant food, 59 
Swamp soils, 80, 583 

Sweet clover, content of nitrogen and or- 
ganic matter, 220 
Symbol, defined, 7 

Systems of permanent agriculture, 159 
•Temperature factor in crop production, 

576 

Tennessee, phosphates, 187, 188, 595 
soils, 64, 93, 138, 367 
Terminations in chemical names, 19 
Terrace soils, 124 
Testing soils, 565, 626 
Texas soils, 95, 138 
Texture of soils, 116 
Thaer’s soil-fertility theories, 302 
Theories concerning soil fertility, 300, 362, 

■ : 366, 385 

Timber soils, 79, 133 
Tobacco, composition, 604 
experiments, 288 
statistics, 605 


Transmutation of elements, ii 
Transported soils, 54 
Transvaal soils, 67 

Tubercles on roots of legumes, 212, 215 
Tubers, composition, 604 
Tull’s soil-fertility theories, 300 
Turkish soil, 67 
Turnips, comiiosition, 417, 604 
experiments, 346, 399 

Utah, phosphates, 396 
soils, 101 

Valence, defined, 4 
Value of land, 5S6 

Van Hclmont's soil-fertility theories, 300 
Van Hise, on phosphates, 560 
Vegetable fats and oils, 34 
Vegetables, composition, 604 
Vesuvius lava, comiiosition, 67 
Virginia, field results with raw phosphate, 
289 
soil, 138 

Vital processes in jilant growth, 33 
Volcanic ash, 67, 138 

Wales soil, 642 
Washington soils, 102 
Water (see moisture) 

Water soluble plant food, 141, 513 
Weathering of rocks and soils, 49, 6r, 174 
Webster’s view of agrieulture, 594 
Western stales soils, 101, 138 
Wheat, comiKisilion, 75, 154, 417, 603 
Wheat bran, comiiosition, 41, 604 
Wheat grown every year: 

Canada, 505 
Jethro Tull, 306 
Minnesota, 499 
Rothamsted, 363 

Whitney, on [Kitaloes at Rothamsted, 389 
Whitney and Cameron’s soil-fertility theCK 
rics, 313, 3^2, 3^7. 385 

Whitson, on loss of phosphorus from Wis- 
consin soils, 560 

Widlsoc, on arid soils and vegetation, loi 
Williams, on value of manure in China, 338 
Wilson, on abaiidoiietl lands, 342 
Wing, on use of limestone and raw phos- 
phate, 289 

Wisconsin experiments, 216, 221, 289, 560 
soils, 99, 138 
Wood ashes, 531, 602 
Wyoming phosphates, $95 
soils, 102 

Zein, 39 
Zeolites, 50 











